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PBEFACE 

TO 

THE FOURTH EDITION. 



I HAVE endeavoured to make the present edition of the Optical 
Manual as complete a guide as possible to the diagnosis and 
management of optical defects, in the hope that it may prove useful 
as a text-book on the subject for civil as well as for military surgeons. 
In the former editions the necessities of military practice were 
almost exclusively kept in view, but in the present revised and 
illustrated edition, while bringing the text up to date in respect 
to the visual requirements and regulations of the military, naval, 
and other public services of Great Britain and India, I have added 
very materially to the work in order to try, in addition, to meet 
the wants of general practice. The explanations given in the 
several chapters into which the book is divided are expressed in as 
concise and simple terms as appeared to me compatible with a 
sufficient elucidation of the matters treated on in them, having 
regard to the needs of those who have not previously given particular 
attention to the branch of ophthalmic practice with which the work 
deals, and not forgetting the little time which, as a rule, is at the 
disposal of practitioners for the study of any special subjects 
beyond those which the demands of ordinary practice render essen- 
tial. I have found it convenient to reprint a portion of the Preface 
to the third edition of this Manual, in order to show the aim and 
scope of those parts of the work which especially bear on optical 
practice in the public services. The advantages that are afforded 
by the illustrations, which appear for the first time in this edition, 
and, with the single exception of fig. 65, are taken from original 
drawings furnished by my late colleague, Inspector-General Dr. 
Macdonald, R.N., F.R.S., will be sufficiently apparent on observa- 
tion of the illustrations themselves. 
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EXTEACT 

FKOM 

THE PREFACE TO THE THIRD EDITION. 



The circumstances under which I was originally led to put forth this 
Manual of Instructions for testing and dealing with the various 
conditions of vision liable to be met with in persons seeking em- 
ployment, or already engaged, in military semce, have been ex- 
plained in the two previous editions of this work, which were pub- 
lished in the years 1862 and 1874, and do not require repetition. 
Since the second edition of the Manual was published, so gi'eat 
have been the changes in some of the practical parts of optical 
manipulation, and such advances have been made in respect to 
length of range, and capacity for accurate fire, in the weapons 
with which soldiers now have to deal, that many passages of the 
Manual of that date have become obsolet'C, and the present edition 
has had to be less revised than re-written. 

When the increased and increasing importance attached to the 
expert use of firearms of all descriptions, both rifles and guns, 
at very long ranges is remembered, it may reasonably be expected 
that before long even greater attention will be given by all persons 
in this country who are engaged in military pursuits to questions of 
quality of eyesight, and that more information will be demanded 
on the subject from medical officers than has hitherto been required 
from them. In the army, the firearm with which the infantry 
soldier has to become familiar is his rifle, and this he can only use 
with thorough efficiency when he has visual power enough to enable 
him to see clearly the objects at which he is required to aim, and 
to judge accurately their distances, whatever the range over which 
a projectile fired fi-om the rifle may have to travel in order to 
reach them. A great deal of attention has been given of late 
years to improving the modes of instruction in musketry practice, 
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and very recently important changes have been made in it, with 
a view to insure perfection, not so much in hitting a definite mark 
on a target, as to ensure accuracy of aim under conditions similar 
to those which are likely to occur when the soldier is engaged 
actively in the field ; but, whatever may be the mode of instruc- 
tion, so long as the rifle is such as it is, and objects of limited 
sizes, such as men, are to be fired at from distances of eight or 
nine hundred yards and upwards, an adequate power of eyesight 
must evidently be the prime ingredient necessary to insure the 
success of the marksman. The more this fact is appreciated, the 
more the importance will be felt of giving attention to the subject 
of the quality of eyesight of every one who aspires to effective 
employment of a rifle. It hardly seems too much to anticipate 
that, in respect to army service, at some future time the visual 
quality of every recruit will be as much recorded on his entry 
into the army as his height, chest measurement, weight, or any 
other of his physical conditions which are now registered; for 
some of them, considering all the sanitary precautions and personal 
care that are now taken to preserve the physical eflSciency and 
good health of the soldier, have lost much of the importance that 
belonged to them in former days, and can hardly be regarded as 
equal in value to the amount of visual power which the man 
possesses, so far as his usefulness during the period he is engaged 
on active service is concerned. Military efficiency, the personal 
safety of troops, and economy of expenditure of ammunition are 
all involved in the capacity of soldiers for making an accurate use 
of the firearms placed in their hands. It is certain that the 
capabilities of the rifle can only be completely turned to account 
by persons who possess normal acuteness of vision, at least as 
regards the right eye ; and it seems to be manifestly important, 
therefore, that the qualifications of each man who is destined to 
be a rifleman should be thoi-oughly known on his starting in the 
service, so that, on the one hand, the time and eflbrts of instruc- 
tors may not be wasted in trying to teach men matters which from 
natural causes they may be totally incompetent to acquire, whatever 
labour may be devoted by themselves or others to the attempt, and 
also, on the other hand, that the men may be distinguished, and 
made known to commanding oflScers, who possess the necessary 
optical qualities for becoiuing sure and reliable marksmen. 
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Not improbably, as further advances are made in musketry in- 
struction, a greater influence will be exerted by physiological optics 
on certain parts of the teaching. The objects painted on targets, 
and employed in ' educating ' men in the use of the rifle at the 
various range practices, have not been designed, as shown in the 
text, on a uniform visual standard, but seem rather to have been 
settled, especially as regards their dimensions at the various dis- 
tances at which they are usually placed for firing practice, accord- 
ing to the proportions which have been considered, from personal 
observation, to be the most suitable for marks to be aimed at. 
There is apparently no sufficient reason why all such objects should 
not be fashioned on a regularly graduated scale of dimensions 
and configuration in relation to distance, and be in exact accord- 
ance with the optical conditions, so far as the objects themselves 
are concerned, under which they would present themselves as marks 
to be fired at in actual warfare. If a series of objects on such 
principles should be brought into use, the quality of sight neces- 
sary for a satisfactory execution of the contemplated task at any 
particular range of practice could be defined with almost mathe- 
matical precision. 

Medical officers at present only have to determine the question 
whether a man is optically fit for military service so far as the 
possession of a set minimum standard of vision is concerned ; but 
in performing the duties of recruiting, they may have in the future 
to answer several questions of a more complex kind. They may 
be required to famish information on such questions as the follow- 
ing : Is the man visually qualified to become a marksman up to 
the longest range for which the rifle is capable of adjustment ? 
If not fit for a complete marksman, up to which class of practice 
does his visual power admit of his being advantageously trained ? 
If not fit for the use of an arm of precision in the first line 
of the army, is he fit for duty in the ranks of the Militia or 
Volunteer forces ? If not fit for the duties of a rifleman, is he 
visually qualified for service in the Commissariat and Transport, or 
for any other corps or department of the army ? After a sufficient 
number of records on these subjects has been accumulated, a con- 
clusion may be arrived at on certain questions, which are regarded 
under different aspects in different armies, and which may well 
admit of different solutions in different countries ; as, for example. 
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whether the proportion of inen in this country, whose shaq^ness of 
sight is inferior to the normal standard owing to refractive defects, 
is so great as to render it advisable, from a military and financial 
point of view, to allow correcting spectacles to be used in the ranks 
of the army ? and, in case of a decision being come to that it is 
advisable, whether the permission to wear them should be re- 
stricted to spectacles' of certain descriptions, and, if so, of what 
descriptions ? 

I do not think it too much to assert that an acquaintance with 
the subjects described in this Manual, combined with a moderate 
amount of practice, will enable medical officers to furnish satisfac- 
tory information, when required, on the various points to which 
I have alluded, as well as on any others of a similar nature that 
may arise, and to carry out any orders that may be issued in 
respect to visual examination, or to correction of ocular defects 
among the officers and men of the army, in all ordinary cases which 
depend on faults of refraction or accommodation. At the same 
time it should not be forgotten that under the usual circumstances 
of service, in consequence of the multitudinous duties which de- 
volve on medical officers, it would be too much to expect that more 
than a limited number among them will find the time or oppor- 
tunities for becoming experts in ocular investigations. Arrange- 
ments will probably still have to be made, as hitherto, for com- 
plicated and doubtful cases of defective vision to be sent to general 
hospitals, and referred to medical officers who have acquired a 
particular acquaintance with the visual conditions vrhich are liable 
to be encountered, by having had the means of carrying out extended 
observations of them at such institutions, and where also there w^ill 
generally be the opportunity of using special optical appliances 
which cannot be expected to be found at more limited establish- 
ments. 

Although the metrical system of numeration of lenses and of 
measurement in general is now ordinarily employed by ophthalmic 
surgeons, and is no doubt destined to supersede the duodecimal 
system everywhere, there are still many practical difficulties in the 
way of its adoption by British military medical officers in the 
different parts of the world in which they have to perform their 
duties. They have not, as a rule, cases of lenses numbered in 
dioptrics available for their use; the ordinary appliances for 
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measurement at their command are divided into inches ; and these 
will probably remain the conditions in respect to such matters until 
the metre becomes the standard of measurement for the ordinary 
purposes of society and commerce. It thus becomes necessary 
for British medical officers to be acquainted with both systems of 
measurement, and to be able to convert any expressions according 
to the metrical system which they may happen to meet with, into 
their relative values on the duodecimal system. The means of 
doing this are fully explained in this Manual, and where references 
are made to optical measurements in the body of the work, they 
are usually stated in figures belonging to both the metrical and 
duodecimal systems of measurement. 

The present work is limited to a study, theoretical and prac- 
tical, of those varieties of the visual function, which for the most 
part are independent of morbid processes, and in considering these 
conditions of sight, their bearing on military service is always kept 
in view. I have at the same time added short explanations on a 
variety of optical matters more or less directly connected with 
visual examination and the correction of visual defects, a knowledge 
of which is essential to a right understanding of the principles on 
which the practical part of the work is conducted. Experience 
in teaching the modes of conducting the visual examination of 
recruits and soldiers, and the practical correction of visual defects, 
has proved to me the need of such information being given, and I 
hope that some of the explanations and matters of fact, which it 
has been found necessary to impart in the course of instruction at 
the Army Medical School, may prove to be serviceable as memo- 
randa to medical officers in the larger sphere of the Army Medical 
Department itself. 
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CHAITER I. 

Preliminary Remarks — Optical Memoranda — Normal Vision — Monocular Vision — 
Binocular Vision — Doulile Viticn — Optic Axis — Visual Axis— Radiation of 
Light — Permeability of Bodies to Light— lieflectioo of Light — Refraction — 
Law of Visible Direct ion — Inversion of Images on the Retina — Visual An^le 
— Field of Virion — Monocular and Binocular Fields of Vision— Their 
Measurement — Movements of the Eye — Field of View— Objects on the Visual 
Field — Brightness of Objects at different Distances — Motion of Objects in 
the Visual Field— Infinite Rays — Lenses— Convex and Concave Lenses — 
Numerat on of Lenses — Duodecimal and Metrical i^ystems — Comparison of 
the two Systems— Spherical and Cliromatic Aberration — Metiical Lenses and 
their Values in English Inches— Cylindrical Lenses, their Varieties and 
Actions— Prisms— Trial Case of Lenses— Mode of Tebting the Power of a 
Convex, Concave, or Cylindrical Lens — Array Optical and Ophthalmoscopic 
Case— Images formed by Lenses — Composition of Lenses — Spectacles — Their 
Weight af d Arrnngemenis— Eyeglasses — Equi-convex and Equi-concave 
Lenses for Spec acles— Pantoscoi ic, Periscopic, Orthoscopic, Duplex Focal, and 
Timed Lenses for Sf)ect acles— Eye Protectors, Goggles — Prismatic Spectacles 
— Senopoeic Hole and Stenopoeic Slit— Stenopoeic Spectacles — Strabometer — 
Judging Distance — Aiming — Monocular Aim — Strengthening Sight for Long 
Ranges — Abbre viations — Symbols. 

Freliininary Remarks. — The chief purpose of this manual is to 
furnish surgeons with such information as will assist them in 
ascertaining the quality and power of vision of any persons who 
may be submitted to them for visual examination, and also, that 
will enable them to pronounce an opinion on the fitness, so far 
as sight is concerned, of recruits for the army and candidates for 
appointments in the various public services of the country. It is 
necessary, therefore, to describe the various qualities of vision which 
are liable to be met with. The chief characteristics of the different 
conditions of sight depending upon differences in the refractive 
power and conformation of the eye, and the modes of determining 
the degrees in which these differences exist, will be treated on in the 
second chapter ; while other states of vision, either associated with 
them, or occasionally consequent upon them, will be remarked 
upon in succeeding chapters. The visual needs of men employed 
in the different branches of the military services, army, navy, 
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militia, and volunteers, and also of the Indian service, the regula- 
tions concerning the degrees of defective vision which disqualify 
men for occupation in them, and the means to be employed for 
estimating whether they possess the requisite visual qualifications, 
will be fully described subsequently. 

In carrying out the prftctical instruction of young surgeons on 
the optical examination of the eye at the Army Medical School as 
applied to the circumstances of military service, it has been con- 
stantly found necessary to explain various elementary matters on 
optics which must be known before the phenomena of vision, 
whether normal or abnormal, or the principles on which refractive 
and accommodatory defects of vision are corrected, or the means by 
which the correction is effected, can be properly understood. 
Several points connected with the special training which all men 
undergo who have to acquire a technical acquaintance with the 
use of arms of precision, such as the practice of judging distances 
of objects, of aiming at long ranges, and other such exercises in 
which quality of vision exerts a material influence, also require 
some preliminary explanations to be given to those who have not 
previously had to consider such subjects. The chief of these optical 
memoranda and allied topics are given in this introductory chapter in 
as plain and concise a form as possible for convenience of reference. 

Vision. — Normal vision exists when, firstly, each eye is so con- 
structed that a sharp and exact imnge of the object toward which 
the eye is directed is impressed on its retina ; and when, secondly, 
a correct appreciation of the form, distance, colour, and most of 
the physical qualities of the object so depicted is produced in the 
mind of the observer. To effect the first of these conditions, the 
curvatures, refractive qualities, and mutual relations of the trans- 
parent media of each eye must be such that the rays of light pro- 
ceeding from the external object are all brought by them to 
suitable foci upon the proper nerve elements of the retinae. To 
effect the second of these conditions the retinae, the optic nerves 
and their cerebral connexions must be anatomically and physio- 
logically healthy and fully developed ; the images of objects must 
be of sufficient size, sufficiently but not excessively illuminated, 
and must remain sufficiently long on the retinae; the mutual 
relations of accommodation to distance and of direction of the 
visual lines must be in normal accord ; and the perceptive faculties 
must have been duly educated. 

Monocular Vision. — Vision by one eye. An object, though 
solid, when looked at by one eye, the other being closed, appears 
as a plane figure, having two dimensions, viz., length and breadth 
(see fig. 1). When a group of objects is regarded monocularly, 
although the lights and shadows among them are visible, no means 
are afforded of determining their relative distances or depths. 
They are presented to the view like a picture on a flat surface. 
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MONOCULAR AND BINOCULAR VISION 



These defects of monocular vision may to a certain extent be 
counteracted by long practice, familiarity with objects and their 
physical qualities, and acquaintance with the rules of perspective, 
but the effects of binocular vision can never be fully realised by the 
use of one eye alone. 




Fio. 1 .—Monocular Vision. 
The superficies, 1, alone visible ; 8 and 3 ont of rang?. 

Binocular Vision. — Single vision by two eyes. The visual lines, 
or lines prolonged from the fovea centralis and passing through the 
nodal point of each eye, meet in the same point of an object. If 
the object be solid, the two images of it, or rather such portions of 
them as are common to the two eyes, are impressed upon corre- 
sponding parts of the two retinae. Images of certain parts of a 
solid object are only formed in each eye singly — in the eye on the 
same side as the parts concerned. Under these conditions the 
images formed in the two eyes respectively are mentally combined, 




Fig. 2.— Binocular Vision. 
The snrfacea, 1, 2, and 3, being visible, determine the perception of relief with three diameters. 

and produce sensorially the effect of having proceeded from a single 
retinal impression. So far, then, as concerns visual perception, 
notwithstanding the dual sensation, the object appears, as it really 
is, single ; having three dimensions, viz. length, breadth, and 
thickness; and consciousness of relief i& obtained (see fig. 2). 

B 2 
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A wider field and range of vision are obtained with two eyes 
than with a single eye. The double impression on the two retinae 
in binocular vision also causes the perception of objects to be more 
vivid than it is in monocular vision. When a coloured object is 




Fio. 3.— DiPLOPLL Images Homonymons. 
B, right eye ; L. left eye ; a, optic axis ; o, object ; J, referred image. 

Been by two eyes its brightness appears to be greater and its tint 
more saturated than when it is looked at by one eye singly. 
Owing to the visual perception being thus intensified, the rapidity 




Fio. 4.— Diplopia. Images crossed. 
B, right eye ; i^ left eye ; a, optic axis ; o, object ; i, referred image. 

with which objects are recognised, or visual alertness, is increased 
under binocular vision. The greater or less degree of convergence 
of the visual lines which accompanies binocular vision also helps 
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the observer to form ideas of the distances at which the different 
objects looked at are situated. It is obvious that, as regards 
near objects which are situated in the median plane between the 
two eyes of an observer, the convergence of the two eyes must be 
in exact accord in order to ensure perfect singleness of vision of 
these objects. 

Diplopia. — Double vision. This results when an object is per- 
ceived by both eyes, but its two images are not formed on corre- 
sponding parts of the two retinae, so that the images cannot blend 
for the production of a single sensory impression. The visual 
lines of the two eyes do not meet and join each other in the object. 
When the separate images correspond in their relative positions 
with the relative positions of the two eyes, they are described as 
homonj/moua ; when, on the contrary, the image to the left in 
position belongs to the right eye, and that to the right is the 
image perceived by the left eye, they are spoken of as crossed 
images (see figs. 3 and 4). 

Optio Axis. — A line prolonged from the centre of the cornea. 




(xy, optic axis ; x, nodal point ; vm, visaal line ; m. m'tca'a lutea ; oxy, angle formed by 
line of optio axis and vibual line. 

through the nodal point of the eye, to the retina. The posterior 
pole of the optic axis impinges on the retina a little to the inner 
side of the fovea centralis (see fig. 5). 

Visnal Axis, or visual line. — The line along which the axial 
ray proceeding from the point of the object looked at passes to 
terminate in the fovea centralis. In the emmetropic eye it enters 
a little to the inner side of the centre of the cornea, cros3es the 
optic axis at the nodal point, and falls on the fovea centralis ; or 
vice versdy starts from the fovea centralis, and, passing through the 
nodal point, terminates in the object looked at. Tbe visual line 
thus forms an angle with the optic axis, the apex of which is at 
the nodal point of the eye ; the size of this angle varies in different 
eyes according to their refractive qualities, whether emmetropic, 
myopic, or hypermetropic. 

In binocular vision, when the object which is viewed is remote, 
the visual lines of the two eyes are parallel, or nearly parallel, with 
each other ; in proportion as the object viewed approaches nearer 
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to the observer, the visual lines from the two eyes necessarily 
become more and more convergent in direction. 

Eadiation of Light — ^The expression ray of light indicates the 
straight line along which light progresses, and the term radia- 
tion signifies the emission of rays from a source of light. When 
the luminous body is central, it emits rays of light in straight lines 
from all its points and in all directions (see fig. 6). A collection 
of rays emitted from a luminous point, and circumferentially so 
limited in their passage as to assume a conical outline, is called 
a diverging pencil of raj/s ; and the apex of the cone from which 
they proceed is called the focus of the pencil. When the divergency 
of rays proceeding from a remote point of light is inappreciable, 
the rays are described as parallel rays. When rays are artificially 




A, penoll of rays direrging from tbe focus 
F ; B, parii Jel ra^ s ; c, peucii of rays con- 
verging to the focus F. 

Fio. 6.— Radiation from a Central 
Source of Light. 

caused to converge to a common point, they are together spoken of 
as a converging pencil of rays ; and the point at which they all meet 
is called the focus (see A, b, c, fig. 7). 

The illuminated surface of any object, in respect to the light it 
is receiving, is regarded as lighted by the bases of a number of 
divergent pencils of rays, whose foci are at the source of illumina- 
tion ; and, in respect to the light it is imparting by reflection from 
its surface, by means of which it is rendered visible, it is regarded 
as composed of an infinite number of luminous points, which points 
are the foci of a corresponding number of diverging pencils of rays 
(see fig. 8). It is important, when speaking of the rays proceeding 
from an illuminated object, not to confound the rays emanating 
from two points remote from each other (as from the extreme points 
between which the visual angle is included, for example) with the 
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REFLECTION AND TRANSMISSION OF LIGHT 



rays proceeding from each luminous point of the object inde- 
pendently. 

Permeability of Bodies to Light. — All substances are probably 
pervious to light in different degrees and to different depths. If 
the substance be one which allows no rays of light to pass through 
it, it is said to be opaque ; if it be one which admits of light 
passing through its substance, or transmits rays sufficient to allow 
objects to be seen through it, it is termed transparent ; if the sub- 
stance be one like thin porcelain, which permits the passage of 
light through it, but does not allow objects tx) be seen through it, it 
is described as being translucent. Shadows result from opaque 
bodies intercepting the passage of light. All bodies, whether opaque 
or transparent, vary in aspect and colour according as they vary 
in reflecting, absorbing, or decomposing the light which falls on them. 







Fio. 8.— Radiation op Light re- 
flected FROM AN illuminated 

FLAT Surface. 



Fig. 9.— Theoretical Illustration op 
various Degrees op Permeability 
to Light. 



Eeflection of Light. — All bodies, whether opaque or transparent, 
with smoothly-polished surfaces, under certain conditions turn 
away the rays of light which fall on them from their original 
direction. This is termed reflection of light. There are two 
general laws of reflection of light. The first is that whatever may 
be the angle which a ray impinging on a polished surface forms 
with the normal, or perpendicular, to that surface, the angle at 
which it is turned away from that normal will be the same ; in 
other words the angle of reflection is equal to the angle of incidence ^ 
and on the opposite side of the normal (see fig. 10). The second 
, law is that the plane in which the incident ray is found will be the 
same as the plane in which the reflected ray is found, or in other 
words, the plane of incidence coincides with the plane of reflection. 
All the phenomena of reflection of rays of light from polished sur- 
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faces, whether plane or curved, take place in accordance with these 
laws. If the polished surface be either level or have a regular 
curvature, the reflected rays of light produce images of the objects 
from which the rays have proceeded. If the sur&ce be roughened, 




Fig. 10. — Reflection of Light. 

rp', perpendicular, or normal, to iw, the reflecting surface ; m, incident ray ; rr. rrflectetl 
ray ; rr'it, the angle of reflection, is equal to rp*!, the ang.e of incidence, and is on the 
opposite bide of the normal, rp'. 

there will still be reflection of light, but the reflected rays are 
irregularly dispersed, and no images are produced. 

Befraction of Light — Rays of light proceed in straight lines so 
long as the medium through which they are travelling is of uni- 
form density. When a ray passes obliquely from a rarer into a 



I R 




Pi EN 

Fig. 11.— Refbaction of Light. 

pp'p, perpendicular, or normal, to rm, one surface of a refracting medium, such as a piece 
of glass with opposite parallel surfaces ; IR, incident ray in air ; hr, incident ray refracted 
towards the perpendicular In passing through rm ; XB, omei^nt ray refracted from the 
perpendicular in passing out of rm into air. 

denser medium, it is bent or refracted towards a line drawn per- 
pendicularly to the surface of this medium at the point of incidence ; 
conversely, on passing obliquely from a denser into a rarer medium, 
it is refrojcted from a line drawn perpendicularly to its surface (see 
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REFRACTION OF TIGHT 



fig. 11). This change of direction commences at the surface of 
separation of the two media. When a ray of light passes through 
media of different densities perpendicularly to the surfaces where 
these media are in contact with one another, the ray travels onwards 
in one and the same straight line. In accordance with this rule, a 
ray of light passing through air and impinging on the surface of a 
piece of glass perpendicularly to the point of incidence, passes on 
unchanged in direction ; but if it fall on the surface with a slanting 
direction, it is refracted in passing through the glass towards the 
perpendicular to the surface at its point of incidence. Any sub- 
stance, whether liquid or solid, through which light can pass, will 
produce a similar effect to that produced by the glass, but the re- 
fraction will vary in degree in substances of different kinds. The 
deviation of rays of light from their original direction on passing 
obliquely from one into another medium of different density takes 
place according to fixed laws, and the investigation of these laws, 
and of the phenomena which result from them, constitute the 




Fig. 12.— Inversion of Retinal Images. 
Q, object ; a, b, and e, upper, middle, and lower direrging pencils of rays emanating from Q ; 
OA, optic axis ; p, centre of punil, or decussating point of the central axes oia'l the cones, 
from ^'hence they continue to diverge, while the marginal rays converge towards them (as 
seen at a', f, and e')^ and finally depict the inverted image (i) on the retina. 

branch of optics generally termed dioptrics. The three following 
laws are constant in all cases of refraction : — (l.)The angle formed 
by an incident ray of light with the perpendicular to the surface, 
or the angle of incidence^ and the angle formed by the refracted ray 
with the perpendicular, or the angle of refraction^ are in the same 
plane. (2.) The incident ray and the refracted ray are always on 
opposite sides of the perpendicular. (3.) Whatever the inclination 
of the incident ray to the surface, the sine of the angle of incidence 
has a constant ratio to the sine of the angle of refraction. These 
laws apply to curved surfaces equally with plane surfaces, and 
hence, when the form of surface and nature of a refracting medium 
are known, the path of any refracted ray can always be determined. 

Law of Visible Direction. — Each point of an object is seen in 
a line perpendicular, or nearly so, to the point of the retina which 
its image impinges. 

Inversion of Images on tbe Betina. — The pictures formed on 
the retina of external objects are inverted and curved^ owing to the 
action of the optical apparatus of the eye, together with the concave 



Digitized by 



Google 



10 



THE ILLUSTRATED OPTICAL MANUAL 



Chap. I 



form of the retinal receiving surface (see fig. 12). The mind, 
however, does not judge of the positions of objects, whether primary 
or reflected, according to the part of the retina on which their 
images happen to fall ; if it did, the positions of the things would 
appear to change with changes in the position of the eyes looking 
at them. But the mind judges of the positions of objects by fol- 
lowing, as it were, the directions of the axial rays proceeding to 
all the points of these objects from the parts of the retina on which 
the corresponding images of such points are pictured. Hence, 
though the images of objects looked at directly are inverted on the 
retina by the action of the refracting media of the eye, the mind, 
following the lines of light to their sources in accordance with the 
law of visible direction, sees them in their true positions. The 
images of objects below the level of the visual diameter are pictured 
in the upper retinal hemisphere ; the images of objects above this 




Explanation of Visual Angle. 



Vignftl angles abk, cdr, &c. cd, nearer to the eye than ah, thon!7h alike in size, hi^ a 
larKcr visual anjr'e ami forms a larper retinal Iniape. a'b", a'»', ab, tlioujrli smaller 
than each other, have the hanie sized visnal anjrle, an<l form iniajres of the wnne .-.ize up< n 
the retina. Di.xtance and ^ize together determine the mafrnitude of the visual angle, the 
size of the retinal image, and the apparent 8ized of objects as seen by the observer. 

line in the lower retinal hemisphere ; they are equally reversed in 
the lateral portions of the retinal picture ; but, nevertheless, all the 
objects are seen in their real positions and relations to each other. 
This equally applies to the reflected images of real objects : the re- 
flected images are inverted on the retina, but they are seen truly 
in the forms in which they proceed from the reflecting surface. 

Visual Angle. — The visual angle is the angle included between 
two rays proceeding from the opposite extreme limits of an object 
looked at by the eye and meeting at a point within the eye. These 
rays, having met, cross each other and pass onward to assist in 
forming the image on the retina. The point at which they meet is 
known as * the point of intersection,' or ' nodal point,' of the eye. 
The size of the visual angle depends on the linear dimensions of 
an object, and on the distance of the object from the eye. If the 
object be of a fixed size, the size of the angle under which it is 
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seen will vary inversely as its distance from the eye ; if the distance 
be fixed, the size of the visual angle will vary in a direct ratio with 
the size of the object. The angle is similar on each side of the 
point of intersection — towards the object, the ' visual angle/ and 
towards the image of it on the retina, the ' retinal angle/ The 
expression that an object occupies so many degrees in the circum- 
ference of a circle of which the eye is the centre, or that it subtends 
an angle of so many degrees, has the same significance as * the size 
of the visual angle of the object/ 

The size of the image of an object formed on the retina varies 
as the retinal angle, and therefore as the visual angle varies under 
which the object is seen. The larger the visual angle, the larger 
the retinal image. If the size of an object remain the same, the 
visual angle it subtends is increased in proportion as it is brought 
nearer to the eye ; and hence, the frequently observed approxima- 
tion of printed letters by He. patients to their eyes, although the 
diffusion of rays about the retinal images and the strain on the 
accommodation are increased by the proceeding. A similar approxi- 
mation of print generally takes place among amblyopic subjects. 
In both instances the retinal images are increased in size, and the 
area of sentient visual impression proportionally enlarged ; and the 
advantages attending these results preponderate over the disad- 
vantage of the loss of distinctness of outline, due to the difiusion of 
the marginal rays. 

The retinal image will also vary in size as the distance from 
the point of intersection of the rays forming it to the plane of the 
retina varies. In a short/, or hypermetropic eye, the distance from 
the nodal point to the retina will be less than it is in an elongated 
or myopic eye, and the rays proceeding to form the retinal image 
of an object, being sectionally intorrupted in their course earlier 
in the former than in the latter case, the areal size of the image will 
be necessarily less in the former than it is in the latter instance. 

If the position of the point of intersection in an eye is made to 
alter, the size of the retinal image will be altered also, but this can 
hardly happen except artificially by placing a convex or concave 
lens before the eye. If a convex lens be placed before an eye, the 
point of intersection will be caused to advance, and the retinal 
image will become enlarged : if a concave lens be similarly placed, 
the point of intersection will be caused to recede, and the retinal 
image will be lessened in size. 

Field of Vision. — The term * field of \dsion ' signifies the whole 
of the space, including the objects comprised in it, which is per- 
ceptible to sight in one fixed position of the eye, or, in binocular 
vision, of the two eyes. 

Monocular Field of Vision. — When a single eye is directly fixed 
in a given direction its horizontal limits of visual perception are 
comprised within an angle of about 123°. 
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Binocular Field of Vision. — When both eyes are fixed on an 
object situated at such a distance in front of the observer that the 
visual axes of the two eyes are practically parallel with one another, 
the limiting lines of visual perception or luminous impression on 
each side of the face form an angle of about 90°, so that the general 
field of vision of the two eyes under these conditions has a hori- 
zontal limit of about 180°. The precise limits of the field of vision 
will vary with the amount of projection, and other peculiarities in 
form of the facial features. A certain central portion of the visual 
field is common to both eyes ; the right and left temporal portions 
of the field are only proper to the right and left eyes respectively. 
The absence of this monocular part of the binocular field of vision 
is a serious drawback from the usefulness of a soldier in military 
service. 




8l-5=» 




Fio. 14.— General, Common, and PfioPER Fields of Vision. 

A. Sketch showing the risual limitations, in a fixed position of the face, dae to the projeo- 
tion of the principal features. 

B. Diagram showing the outlines of the common, proi>er, and general flehU of vision, with 
measurements, a, 6,/, 6, outline of general field of vision ; 1 and 2, right and left proper 
fields of vision ; 3, common field of vision ; aa, upper limit due to frontal projection ; 
ec, limits due to ma^ar projections ; ee, limit produced by labial projection ; cU, by nasal 
projection ; 6^, limits due to projections of cheeks. 

Measurement of the Monocular Field of Vision. — Instruments 
spexiially constructed for examining and providing the data for 
mapping out a field of vision are called perimeters. In the absence 
of these special instruments, the extent and shape of the field of 
vision of an eye may be obtained by causing the patient to look at 
a given point, and, while the eye is fixed upon it, drawing an out- 
line of the boundary of distinct vision in all directions around it. 
The most convenient plan is to place the patient with one eye 
covered, and the other free, at a distance of about two feet in front 
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of a black board placed perpendicularly to the line of sight. On 
this board, at a level with the eye under examination, a small cross 
in white chalk is drawn. The patient is desired to fix his eye on 
this mark. At the same time the surgeon, who must watch that 
the patient does not look away from the cross, holds a piece of 
chalk between his fingers of his right hand, and carries it from 
point to point over the board by slight quick movements of the 
hand, jotting down the points in various directions where it ceases 
to be seen. These points are now joined together by lines, and 
thus an outline of the shape of the field of vision is formed. If 
the map thus made be copied on paper, it can be retained for 
comparison with other diagrams to be made in a similar way on 
future occasions. 

If it be important to examine the field of vision with greater 
precision, separate outlines can be obtained by a similar plan 
showing where vision sufiiciently distinct to count fingers ceases, 
and more externally where imperfect vision or luminous impression 
ceases and complete absence of sight begins. Any loss of visual 
function in particular spots of the retina may also be traced and 
noted during the examination by moving the chalk slowly and 
carefully over the field, and directing the patient to mention 
whenever it disappears from view altogether or is only seen 
obscurely. Particular irregularities of form, and limitations in 
extent, of the field of vision will often be rendered manifest by this 
mode of examination in cases of weak and defective vision depending 
on disorders of the optic nerve and retina. 

When it is not required to make a picture of the field of vision 
but only to ascertain quickly the extent of the field, or whether 
there is any break in it in any given direction, the following 
method by the finger will answer the purpose readily and quickly. 
The surgeon, standing about two feet off, and face to face with the 
patient, desires him to close one eye, the right, for example, and 
at the same time closes his own left eye opposite to it. He now 
desires the patient to look steadily into his right eye, and while 
the two eyes, the one of the surgeon and the other of the patient, 
are thus directed to each other, the surgeon moves his forefinger 
from a central point midway between his own eye and that of the 
eye under observation, in all directions towards the limits of the field 
of vision. He is thus able to note the extent of the patient's range 
of vision, by comparing it with his own range. This ready method 
has the advantage of being capable of being put into execution 
anywhere without need of any appliances or previous preparation. 

Movements of the Eye. — The external muscles connected with 
the globe of the eye cause it to revolve round an ideal oentre — its 
centre of rotation. Consequently if the anterior aspect of the eye 
is caused to move in one direction, the posterior aspect of the eye 
will be caused to move in the opposite direction. The movements 
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of the eye are commonly described with reference to the movements 
of the anterior pole of the optic axis or central point of the cornea. 
When the central point of the cornea accords with the point of 
intersection of one line drawn transversely between the apices of 
the two anufles of the palpebral aperture, and another line drawn 
vertically midway between its two extremities, or does so very 
closely, allowance being made for the slight angle formed by the 
intersection of the optic axis and visual axis, the eye is said to be 
directed straight forwards ; when the centre of the cornea is above 
or below the horizontal line just named, the eye is said to be 
directed upwards or downwards respectively ; and if to the inner 
or outer side of the vertical line just named, it is said to be 
turned inwards or outwards respectively. It is in accordance with 
these distinctions of position that when strabismus exists the dis- 

RieiUS SUPERIOR 
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REClUS INPCMIOR 

Fio. 15.— OcDLAR Movements. 

The arrows show the direction of the morements. The four recti musclGs sinjfly effect 
liurety vertical and tranBrerse movements (plain arrowR), whi'e those in either diagonal 
line are pro<iucecl bv tiie joint action of two recti muscles (dotted arrows). Rotation to 
the right or left is effected by the oblique miisc:e» (curved arrows). 

placement of the deviated eye is said to be internal or convergent, 
external or divergent, and upwards or downwards. In normal 
binocular vision, when the two eyes are looking directly forwards 
at a distant object, the visual lines are practically parallel with one 
another, and perpendicular to an imaginary line joining the centres 
of rotation of the two eyes. 

Field of View. — The term * field of view ' signifies the space 
over which objects can be seen clearly by an eye when it moves 
round its centre of rotation to the extreme limits of which it is 
capable, the head of the observer at the same time remaining 
stationary. In binocular vision, the * field ' of view signifies the 
visual range of the two eyes under like conditions. 

Ocular Movements affecting the Field of View. — Fig. 15 shows 
the manner in which the visual range is obtained, and indicates 
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the directions in which the movements affecting the field of view 
occur. 

Normal Eange of Motion of the Eye oonsiBtent with Vision. — 
I find that my own eye can turn through an angle of about 140** 
horizontally, and of 138** vertically, and perception of objects be 
retained. On my eye being directed to a point straight before it, 
it can turn from it 50° towards the nose and nearly 90" outwards 
in the horizontal plane, or through an angle of 48° from it upwards 
and 90° downwards. These measurements are not, however, 
universal ; they are subject to variations according to individual 
circumstances, viz. to personal peculiarities in the shape and 
amount of projection of the parts near to the eye, as the nose, the 
margins of the orbit, the eyebrows, and other structures. 

Objects on the Visual Field. — The place and space occupied by 
objects in the field of vision are measured by the visual angles 
under which they are seen. The ajyparent size^ or lineal measure, 
of an object is estimated by the size of the visual angle alone. To 
estimate the true size^ the distance of the object, as well as the size 
of visual angle, must be known. Conversely^ the true size of an 
object being known, the visual angle enables us to form a judgment 
of the distance at which it is placed from us. The apparent size, 
or lineal measure, is to be distinguished from the apparent super^ 
fcidl size, or measure of surface of an object. The lineal measure, 
as before mentioned, varies inversely as the distance of the object ; 
the measure of surface varies in proportion to the squares of the 
lineal measure at different distances. 

Illumination of Objects. — The quantity of light received on a 
given object, or unit of surface, is reduced inversely as the square 
of the distance from the source of light to which the object is re- 
moved. Let a printed paragraph be placed at a certain distance 
from a lighted candle, and the paragraph be then removed to 
double the same distance from the light, the intensity of illumi- 
nation of the paragraph in the more distant of the two positions 
will be only one-fourth of what it was in the nearer one; and 
the rule that applies to the whole paragraph equally applies to each 
letter of the print composing it. 

Apparent Brightness of Objects at Different Distances in open 
Daylight. — ^The vividness of the light under which objects appear in 
open daylight at different distances does not, however, vary with the 
distances at which they are respectively placed, excepting so far as 
those which are more remote may be affected by the thicker stratum 
of air through which they are seen, provided that all the objects 
face in the same direction. Supposing the atmosphere to be per- 
fectly clear and transparent, the apparent illumination of a series 
of targets, one more remote than the other but facing in the same 
direction, or of a line of men one in front of the other, will be 
exactly similar. A transverse section of the cone of rays entering 
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the pupil from each illumined point of the farther object, and 
therefore the total quantity of light emitted by the whole object, 
will vary inversely as the square of the distance to which the object 
is removed, but so also will the apparent area of the object. If 
one object be placed at double the distance of the other, the area 
of its image on the retina will be reduced to one-fourth of that of 
the nearer one, and so also will be the amount of light entering 
the eye from the more remote object, so that the effect as regards 
apparent brightness will necessarily remain the same. The area 
of the image on the retina is reduced in the same proportion as the 
quantity of lii^ht which forms it. 

In fig. 16 the targets are represented as being at equal dis- 
tances apart, and, as may be seen by the nearer targets which 
admit of observation in the drawing, each is one-fourth smaller 
than the target in front of it, and one-fourth larger than the next 
target beyond. As the amount of light received by the eye from 
each target varies in the same proportion as the visual angle under 




Fio. 16.— Appearances of Objects pulced at equal Intervals apart. 

OL (n^uml-Une. on whichtlieobserverissuppovdtos'and ;HP.8t«n'nng-point; hl horizontal 
line on a level with the observer'.- eye, all round : Prf, point of sijrlit or portion of observer's 
e.e on the hl; vi. v.ini'hinjf lines drawn from the >*a, i«»nt or specia' jiointa of all objects 
into tlie {ioiut of Might, determining their diminution in size aa the distance increases. 
The obierver Is represented by tlie perpendicular. 

which it is seen the apparent brightness of the object is unchanged. 
The same observation applies to the human figure under like 
circumstances. 

Motion of Objects in the Field of Vision. — The movement of 
any visible object ao'oss the visual field, or the change of its posi- 
tion relatively to the positions of other objects, is, of course, 
accompanied by a similar movement of its image across the retinal 
picture. The movement which is thus rendered visible is called 
its apparent motion. If the object move in a direct line towards 
the centre of the eye, no change occurs in the position of the image 
of the object, and its movement is not apparent. The extent of 
apparent motion of an object is measured by its angular motion ; 
that is, by the angle formed by two lines drawn from the point of 
visible departure, and point of visible arrest of motion, of the 
object, to the point of intersection within the eye. The real 
^movement of an object, in respect to direction and extent, is esti- 
mated by other means — by its change of apparent size as its 
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distance varies, by its relations to other objects in the visual field 
as regards position, distance, distinctness, and other indications. 

It is not to be forgotten that if the object moving across the 
field subtend too small a visual angle, or pass with too great 
rapidity, or is insufficiently illuminated, its movement may not be 
apparent ; either because its image impinges on too minute a 
portion of the retinal surface to render it perceptible, or because 
there is not light enough to make an adequate visual impression, 
or because time enough is not given for the impression to be made. 
The movement of a gunshot travelling across the field may not be 
apparent, for the reasons just named ; while, on the other hand, a 
similar shot or shell moving in a nearly direct line towards the 
eye can be seen because its image is sufficiently persistent, while, 
although it has no angular motion, its movement of approach may 
be inferred from increase of size or the louder sound proceeding 
fi-om it in proportion to its increased nearness to the observer. 

Infinite Bays. — This t^rm, in reference to vision, is employed 
to express rays of light proceeding from an object and entering 
the eye in parallel lines, or rather in lines which are so nearly 
parallel with each other that their divergency is almost inappre- 
ciable ; and the expression 'infinite distance,* or infinittj^is used to 
signify in effect the distance from which incident rays possessing 
collectively such a parallel direction might have originally starterl. 
The angular measurement of that portion of the cone of rays pro- 
ceeding from a luminous point which falls on the eye, so far as 
vision is concerned, is determined by the distance of the point from 
which the light radiates, and by the diameter of the transparent 
cornea, or rather by the distance apart of the opposite borders of that 
area of the cornea in connection with the pupil by which the passage 
of the rays into the interior of the eye is permitted. Practically, 
for optical purposes, the incident rays proceeding from every lumi- 
nous point of an object about fifteen fe?t distant from the spectator 
are regarded as parallel rays, and, from this distance up to that 
of a fixed star, the rays reaching the eye are ordinarily spoken 
of as injinife rays. The angular divergency of a pencil of rays 
incident on the cornea from a luminous point at a distance of 15 
feet from the eye, supposing the diameter of the cornea to be two- 
thirds of an inch, would be only about twelve minutes of a degree 
(12' 40"). But a considerable portion of the peripheral rays even 
of this slightly divergent pencil would be intercepted by the iris, 
so that the rays entering the pupil of the eye would be still more 
approximately parallel with the line of the visual axis. If the 
area of that portion of the cornea which receives the precise amount 
of rays that enter the pupil be taken to be one-eighth of an inch in' 
diameter, the divergency of the rays impinging upon it from a lumi- 
nous point at a distance of 15 feet would only amount to 2' 24". 
Bays from objects nearer to the eye than fifteen feet are some- 
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times spoken of as finite rays^ and the divergency of such rays 
increases in proportion to the proximity of objects to the eye. 

On referring to fig. 17, it will be seen that the whole of the 
divergent pencil of rays proceeding from the luminous point f is 




intercepted by a 6 at 1 foot. At 2 feet a considerable portion and 
at further distances increasing proportions of the external rays 
pass on without interruption, while the rays intercepted are the 
more central rays until at 15 feet they would be practically parallel. 



Digitized by 



Google 



Chap. I 



LENSES 



19 



Lenses.— Lenses of primary form are solid transparent media, 
such as glass or rock crystal, bounded by a polished spherical 
surface on one or both sides, and having the property of changing 
the course of rays of light falling on one of their surfaces in a 
direction parallel with the principal axis, so as to cause them either 
to converge to a given point — the principal focus — or to diverge as 
if they proceeded from the principal focus. 

Cylindrical lenses will be described separately. 

Convex and Concave Len8e».--The lenses which are chiefly used 
for optical and ophthalmoscopic purposes are centric convex and 
concave lenses — the former having two convex surfaces which are 
portions of equal spheres, double convex lenses, and the latter 
having two concave surfaces which are also portions of equal 
spheres, double concave lenses. They are sometimes designated 
bi-convex or equi-convex, and bi-concave or equi-concave lenses. 




Fio. 18,— Convex and Concave Lense). 

1« bi-conrex ; 2, bi-concare ; 3. p!aoo-oonvex ; 4, p'ano-ooi cave ; 5, meal'vns : 6. cnneavo- 
coiivex ; ab, line (Kisiiing throuRli tlie centres of curr.i.arj of thj leiidea, tud whioli U 
perpenilicular to the plaue surCaee^ of 3 and 4. 

The convex or converging lenses are thicker in the middle than at 
their edges; the concave or diverging lenses ore thinner in the 
middle than at their edges. A double convex lens may be re- 
garded as composed of two prisms with their bases joined at the 
centre ; and a double concave lens of two prisms having their bases 
outwards, and their edges meeting at the centre. Rays of light 
whose passage has been limited to the lateral parts of a convex or 
concave lens are acted upon as they would have been if they had 
passed through prisms with their bases in similar directions. In 
either kind of lens, a line joining the centres of curvature of the 
two surfaces is the principal axis of the lens, any straight line 
other than the principal axis which passes through the centre of 
a lens is designated a secondary axis. The more convex the lens, 
or in other words, the shorter the radii of curvature of the two 
surfaces, the greater its converging power and the less the distance 
of its principal focus ; the more concave the lens, or again the 
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shorter the radii of cun'sture of its two surfaces, the great**r its 
diverging power. 

Other forms of lenses have one surface plane and the other con- 
vex or concave, and are called jilano-coiirex and plano-concave 
lenses ; or one surface may be convex and the other concave, and 
with such a lens if the convexity be in excess it is styled a meniscus 
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Fig. 19.— Equi-c:)Nvex Lkn8. 

AB, rtiametor of lenfl ; cd, principal axis ; oil, a Roconilary axis : o, optical centre ; f. principcil 
fcwiiH ; c, centre of currature of acb ; D, centre of curvature of adb ; I'lu rii, incident 
rays parallel with CD, conrerge as ke, after patwing through the lens, and meet at v. 

lens (like the crescent moon) ; if the concavity be in excess, a 
concavo-convex lens. The forms of these various descriptions of 
lenses are shown in fig. 18, 1 to 6. 

The j^rincipal fociui of a bi-convex lens will be at the point to 




Fio. 20. — Equi-concave Lens. 

AB. diameter of lens ; CD. principal axis ; gh, a secondary axis ; PR, PR, incident rays parallel 
Avith I'D, are rendered dirergent (SR, kr) after pnt^sing throufrh the lens, as if they hatl 
fetiirted from f, the principal focus ; o, optical centre of lens ; v', posterior focus. 

which rays of light falling on one of its surfaces parallel with its 
principal axis, and undergoing refraction, firstly by passing through 
its substance, and secondly by leaving it for the rarer medium of 
the air, are caused to meet beyond its other surface. The prin- 
cipal focus of ft bi-concave lens is, on the other hand, on the same 
side as the surface on which the incident rays of light fall (see figs. 
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19 and 20). The distance of this focus in both kinds of lenses is 
measured from the optical centre of the lens. The measurement 
was formerly made in inches and parts of inches ; but is now 
commonly made in metres or parts of a metre in optical measure- 
ments. The optical centre of a double convex or double concave 
lens, with surfaces of equal sphericity, is situated within the lens 
practically at the point where the principal axis of the lens is 
intersected by a diameter of the lens. It is at an equal distance 
from the two surfaces when the radii of their curvatures are equal. 
If the sphericity of the two surfaces is unequal, the distances of the 
•optical centre from the two surfaces will not be alike, but will be 
in direct proportion to the radii of curvature of the two surfaces, 
and the focal distance will also vary in equal proportion according 
to the surface on which the incident rays fall. If the lens be 
plano-convex, the optical centre will be on the convex surface ; if 
plano-concave, on the concave surface. If the lens be a meniscus 
or a concavo-convex lens the optical centre will be outside the 
lens, and its distances from the two surfaces will still differ in 
proportion as their radii of curvature differ, while the distance of 
the principal focus will also proportionably differ according as the 
incident rays fall on one or other of its two surfaces. In common 
speech, for the sake of brevity, the principal focus of a convex lens 
is usually spoken of as the focus of the lens ; and the dist-ance of 
this focus is used to particularise the lens. Thus taking, e.^., a 
lens whose principal focus is at 10 inches from its centre, it may 
be designated as a convex lens whose focus is at 10 inches, or a 
lens of 10-inch focus, or still more briefly as a 10-inch lens ; or, 
according to the metrical system, is a lens of four dioptrics^ having 
its principal focus at a distance of one-fourth of a metre, or a 4 D 
lens. Convex lenses have what is called real foci (see p. 36). 

If the rays falling on a double convex lens are divergent, and 
issue from a distance beyond that of its principal focus, they will 
be brought to a focus farther off than its principal focus ; if they 
diverge from a point at the distance of the principal focus, they 
will be refracted as parallel rays ; if they are convergent, they will 
be rendered more convergent and will be brought to a focus nearer 
to the lens than its principal focus. When rays diverging from a 
focal point fall on one surface of a convex lens and converge to a 
focus on the other side of the lens, and a line joining the two foci 
would pass through the centre of the lens, they are called conjugate 
foci. Such two foci are mutually so related that if the emitted 
rays proceeded from either of them the rays would meet in the 
other focus. It is on this principle that images of objects are 
formed ; every radiant point of the object emits a pencil of rays 
which is caused to converge to its conjugate focus in the image. 

Eays falling on a double concave lens parallel with its principal 
axis are caused to diverge after passing through it to the same 
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extent as they would diverge if they were proceeding from a point 
at the same distance from its centre as its principal focus is. In 
other words, the emergent rays of such a lens, if produced back- 
wards, would meet in the principal focus of the lens on the same 
side as the incident rays. If the' rays falling on the double concave 
lens are divergent instead of parallel rays, they will be rendered 
proportionably more divergent, just as if they came i'rom a point 




Fig. 21. — Double Convex Lens. 

rr^ conrerKent rays, brought to a focus at f*, between the lens and the principal focus, f, 
to which /•'»■', panirel rays are bronj<ht; t-'*. dlverjfing niys arising in front of af, the 
anterior focus, meet at f", beyond the principal focus (f). r" and F'' being on the 
principal axis are conjugate foci, as are a'.so af and f. 

nearer to the lens than its principal focus. If they are convergent, 
and they converge in a direction toward any point between the 
lens and its principal focus, the refracted rays will be convergent 
also ; if they converge to a point at the distance of the principal 




Fio. 22. — Double Concave Lens. 

r, r*, r", incident rays ; ii, it', r", emergent rays. 

1. r, r, convergent rays, after passing through the concave lens, i^ poM out as parallel 
mys, R, R. 

2. r'r'^ rays pirallel with the principal axis emerge as diverging rays, a', b', with a direction 
as if they had started from F, the principal focus. 

3. r", r", divergent rays become stili more divergent, as though they had started from F*, 
a point between the lens and the principal focus. 

F, posterior virtual focus of the lens. 



focus, they will be refracted as parallel rays ; if they converge to- 
wards some point beyond the distance of the principal focus, the 
refracted rays will be proportionably divergent, just as if they were 
proceeding from some point further off from the lens than the dis- 
tance of its principal focus. Concave lenses have what are called 
virtual foci (see p. 36). 

Eegarding the eye as a combination of lenses having together a 
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certain converging power, when a convex lens is placed closely 
before it, the converging action of the eye on rays entering it from 
objects in front is necessarily added to ; when a concave lens is 
similarly placed before the eye, its converging action on these rays 
is lessened. The convex lens, therefore, is rightly designated in 
this respect a + lens ; the concave lens a — lens. It is convenient, 
too, in calculating the focal distances or powers of lenses required to 
correct abnormal conditions of the refractive media of the eye, to 
apply the sign + to converging lenses, and — to diverging lenses. 
Thus, a convex lens of 10-inch focus is designated a + 10-inch lens, 
or, in metrical numeration, a + 4 D (4 dioptric) lens ; while a con- 
cave lens of 10-inch focus is noted as a —10-inch lens, or — 4 D 
lens. 

When a convex lens is placed before the eye, it causes an 
advance of the nodal point of the eye, and thus increases the size 
of the retinal image ; when a concave lens is similarly placed, it 
causes the nodal point to recede, and so lessens the size of the reti- 
nal image. 

Kumeration of Lenses. — Lenses have been hitherto numbered 
according to one or other of two systems ; one known as the 
duodecimal or inch system, the other as the metric system. Although 
the newer system, the metric, is certainly the more advantageous, 
and is doubtless destined to supersede all others for optical prac- 
tice, it is not yet universally used by surgeons and opticians in this 
country, while the inch system of measurement still continues the 
one usually employed in commerce and is still maintained in the 
numeration of lenses made use of in various optical instruments, as 
microscopes, telescopes, and others. Until the metric system is 
universally adopted, the principles of both systems should be under- 
stood, and surgeons whose duties require them to engage in optical 
work should be familiar with the means of readily changing the 
measurements from one system into those of the other. 

According to the inch system or older method of numeration, 
lenses are numbered according to the position of their principal 
focus. A lens whose principal focus is one inch from its centre is 
taken as the standard of unity. Starting from this high point, a 
series of lenses, say 25 + and 25 — lenses, descend in succession 
with lessened refracting power, and, consequently, with the position 
of the principal focus proportionally increased in distance. 

In the metrical system, which was first proposed at Paris in 
1867 but only brought into practical use in 1876, the lenses are 
not numbered according to the position of the principal focus, but 
according to their refractive power. A lens of such refracting 
power that its principal focus is at a distance of 1 metre, or 
100 centimetres, is taken as the standard of unity. This in ordinary 
language is designated a dioptric. Starting from this low point, a 
series of lenses ascends with successively increased refracting power, 
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and, consequently, with the position of the principal focus propor* 
tionally shortened in distance. Thirty lenses constitute the usual 
series in this system— that is, 30 + and 30 — lenses. 

Power of a Lens in relation to the Position of its Principal 
Foens. — By the inch system of measurement, the strongest lens 
being taken as No. 1, the numbers attached to all other lenses 
represent fractional parts^ as regards refracting power, of the stan^ 
dard of unity. The j)oiver of each lens is in an inverse ratio to the 
distance of its principal focus. Inverting the number expressing 
the principal focal distance of a lens, therefore, gives a ready means 
of expressing its power. Thus, taking a lens with power to cause 
parallel rays to converge to a focus at a distance of 1 inch from its 
centre as the standard of unity, another lens by which similar rays 
are brought to a focus at 2 inches from its centre, has manifestly 
only half the dioptric power of the former ; another, whose focus 
is at 3 inches, has only one-third of the converging power of the 
first ; at 10 inches, one-tenth ; and so on through the whole series. 
In the first instance the focus is 1 inch, and the power is expressed 
as 1 ; in the second, the focus is 2 inches (or ^), and the power is 
^ ; in the third and fourth cases, the foci being 3 and 10 inches 
respectively Cor -J and y^) the powers are ^ and -^^ ; and similarly 
through all the series. 

By the metrical system of measurement, as a lens of very feeble 
power is taken as No. 1, the numbers of other lenses represent 
muUi2)le.i of the standard of unity, and the distance of the princiind 
focus is in an inverse ratio to the porrer of the lens. Inverting the 
power, therefore, gives the position of the focus. One dioptric, or 
a lens of one metre focus, being the standard of unity, a lens which 
has the power of two dioptrics, or a No. 2 lens, has its focus at a 
distance of half a metre, or 50 cm. ; another, which has the power 
of four dioptrics, or a No. 4 lens, has its focus at one-fourth of a 
metre, or 25 cm. ; often dioptrics, No. 10 lens, one-tenth of a metre, 
or 10 cm., and so through the whole series of lenses. 

Compaiison of the Two Systems of Nnmeration of Lenses. — 
The difference in the practical working of the two systems is very 
great. Two important changes have been effected by the introduc- 
tion of the metric system. The potential intervals between the 
successive numbers of lenees have been simplified, and errors from 
the different lengths of inches in different countries, and conse- 
quent variations in lenses nominally of the same power, have been 
avoided. 

In the inch system of numeration, as regards the difference in 
power between lenses of successive numbers, no two intervals are 
alike throughout the series. The difference in power between a 
2-inch lens and a 3-inch lens, or lenses with powers equal to one- 
third and one-half of the standard of unity, is equal to a 6-inch 
lens, or lens of one-sixth power ; between a 3-inch lens and a 
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4-inch lens is a 12-inch lens, or lens of one-twelfth power ; between 
a 4-inch and 5-inch lens is a 20-inch lens; and the values of the 
intervals are equally irregular throughout the whole series. 

In the metrical system, the value of the interval between the 
adjoining whole numbers is always alike. The difference in power 
is uniformly that of one dioptric. A No. 2 lens has twice the power 
of the No. 1 lens ; a No. 3 lens is one dioptric stronger than the 
No. 2 lens ; a No. 4 lens is equally one dioptric stronger than the 
No, 3 lens. A No. 10 lens has the power of 10 dioptrics, and the 
same regularity prevails throughout. In working on this system it 
is always known that on taking a next higher whole number 
among the convex lenses, the converging power is increased by the 
strength of one dioptric, and in taking the next lower number it is 
decreased by the strength of one dioptric ; or, in dealing similarly 
with concave lenses, that the diverging quality is increased or de- 
creased to similar amounts. The relative strength to one another 
of all the lenses in the metrical series is thus at once made known 
by their numbers. 

When the inch system is employed, the difference in value of 
the inches proper to different countries has to be taken into account. 
The English, French, Austrian, and Prussian inches all differ in 
length, and, though unimportant when dealing with weak lenses, 
these differences if ignored are liable to lead to important errors in 
optical practice when dealing with lenses of high powers. The Paris 
inch is -02707 of a metre, the English inch 02540 ; and thus the 
Paris inch exceeds the English inch by one-sixteenth, or, in other 
words, 16 Paris inches are equivalent to 17 English inches. The 
metre is of course the same in all places, and thus the difficulties 
arising from the different values of inches in different countries are 
avoided. 

Another a-dvantage of the metrical system of numeration of lenses 
is stated to be that the necessity no longer exists for using vulgar 
fractions, which is unavoidable in working with the inch system. 
If the most powerful lens of a series be taken as the standard of 
unity, all the other weaker lenses must necessarily be fractional 
parts ; if the weakest lens of a series be taken as the standard, all 
the other stronger lenses will be multiples of it. To those who are 
not ready arithmeticians, calculations of multiples are easier than 
calculations of fractions. This, however, only applies to whole num- 
bers. If parts of whole numbers are introduced into the series, 
fractions, either decimal or vulgar, must be used in calculations con- 
cerning them. In certain parts of the metrical system of lenses 
the intervals are fractional, and in using these parts decimal fractions 
are employed. 

The Series of Metrical Lenses. — Although the number of metric 
cal lenses in use, as before stated, is 30, the highest in the series is 
20 D, having a focal length of one-twentieth of a metre, or 2 inches. 
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Under the inch system, although a 1-inch lens is taken as the 
standard of unity, the highest number employed in practice is also 
a 2-inch lens. In the metrical arrangement, the separation of a 
whole dioptric would have made too great a difference in the lenses 
of low power at the commencement of the scale. On this account 
the lenses have been added to by quarters up to 3 dioptrics, and by 
half dioptrics from 3 up to 6 dioptrics. From 6 up to 20 dioptrics, 
the differences are too slight to be broken. A table is given which 
shows the composition of the whole series of metrical lenses and 
their equivalents on the inch system. (See p. 28.) 

To convert Lenses numbered on the Inch System into their Equi- 
valents in the Metric System. — If the number of the lens be in Paris 
inches, invert it, and multiply by 36 ; if in English inches, multiply 
its inverted number by 40 ; the result will be the corresponding 
dioptric number. Thus a 12" lens, Paris measurement, whose power 
is -^^' multiplied by 36, is equivalent to a metrical lens of 3 D ; or 
a 10" lens, whose power is -^^\ English measurement, multiplied 
by 40, is equivalent to a lens of 4 D. 

Or, more simply, if the lens be numbered in Paris inches, 
divide 36 by the number ; if English inches, divide 40 by the 
number. Thus a 12" lens in the former case is = ^ or 3 D ; the 10" 
in the latter is = >§ or 4 D ; a 14" lens, Paris inches = f 5 = 257 D ; 
a 16" lens, English inches^^g =2-50 D. 

To convert Lenses numbered on the Metrical System into their 
Equivalents in the Inch System. — If required to be in Paris inches, 
divide the metric number by 36 ; if in English inches, divide the 
number by 40. Thus a 4 D lens has for its equivalent in the inch 
system, Paris inches, -/g^" or y, or a 9" lens; in English inches, 
4V'» or -^/, or a 10" lens. 

To find the Measure of the Principal Focus of Lenses numbered 
on the Metric SysteuL — If the distance be required in centimetres, 
divide 100 by the dioptric number; if in Paris inches, divide 36 
by this number ; if in British inches, divide 40 by the number. 
Thus, taking for example a 4 D lens, its focal distance is J-J-^, or 
25 cm. ; or ^^^^ or 9 Paris inches ; or ^<i, or 10 British inches. Or 
again, taking a 0*50 D lens, its focal distance is -Vo^j ^^ ^^^ ^™- 5 
or .| g, or 72 Paris inches ; or .J^, or 80 English inches. 

Aberration, Spherical. — Spherical lenses, in refracting homo- 
geneous rays of light, are subject to what is termed Spherical Aber- 
ration, i.e. the rays refracted by different parts of the lens do not 
all intersect at precisely the same focal distance from the lens. 
The rays which pass through the lens near its circumference are 
refracted to a focus nearer to the lens than those which pass 
through its central portion, and this difference, of course, renders 
the image of an object less clear and defined. Spherical aberration 
is the more marked in degree in proportion as the aperture of the 
leiis, or the angle obtained by joining the edges of the lens to the 
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site of its principal focus, is increased ; in lenses whose angular 
apertures do not exceed about 10°, the refracted rays practically 
meet at one and the same focus. 




Fio. 23.— Sphebical Abkbration. 

AAA, BBB, incident parallel rays of light ; Mif, marKinal ; ii, Intermerliate ; cc, more central 
rays; u', focui of the mar^nal ray?; i'» fucas of intermediate rays; c', decussation of 
the more central rays corresponding with tlie principal focus of the lens. 

Aberration, Chromatic— Another kind of aberration to which 
lenses are liable results from the different degrees of refrangibility 
of the simple colours, and is termed Chromailc Aberration. Since 
a convex lens consists, as it were, of a series of narrow prisms 
united at their bases, rays of light, when they pass through it, are 
not only refracted, but the light to a certain extent is decomposed. 
When this decomposition occurs in a noticeable degree, the violet 
rays, being most refrangible, intersect at a point nearer to the lens 




24. — Chbomatic Abebbation. 



AAA, BBB, incident parallel rays of honingencons colourlepslijrht emerging as coloured rays ; 
R, red ; y, yellow ; b1, blue ; n', y', bl'. decm«iating,polnt8 of the correspoudiuj? rays. It 
ib thus apparent that Spliericul and Chromatic Aberration are quite tUe convcrHe of each 
other. The marginal rsiys cutting the axis first (li') in the former cit.«-e, and last of all 
in the latter (r'). The more central, the intermediate, and the marKinal rays in the 
former ca.«e hold the i*ame relative position after decuHsation, whi'e the order of the 
colours is inverted in the hitter. The brackets show the area of white light under ordi- 
nary circumstances, both in front and behind the focal diatance. 

than all the other coloured rays ; while the red rays, being the 
least refrangible, form their focus at a point on the axis of the lens 
farthest from the lens. This quality interferes with the perfect 
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definition of images, and renders them defective by imparting 
colours to their edges. Practically, however, as in the case of 
an ordinary lens, red and yellow .are only to be seen anterior to 
the focal point, while blue alone is visible after the decussation 
of tlie rays. This is shown by the position of the brackets in 
fig. 24. 

Table of Metrical Lenses and their Belative Values in English 
Inches. — The French metre being equivalent to o9-3707 English 
inches, as before shown, for practical purposes this may be regarded 
as 40 English inches. The calculations in the fourth column of 
the following table have been made on that basis. 



Dioptric 
number. 

0-25 


Focal 
length in 
metre*. 


F.>cal . 
lenjrtl' In 
centi- 
metre <. 


Approximate 

foca' ensfth 

in £n^ ish 

inchea. 


Dioptric 
number. 

' 6 


Focal 
len ;th in 
metres. 

0-200 


Focal 

length in 

cei.ti- 

metres. 

20 


A.pproximate 

local length 

in Kng ish 

inched. 


4 


400 


160 


8 


0-50 


2 


200 


80 


6-50 


0182 


18-2 


7-33 


0-76 


1-333 


133 


63 


6 


0-166 


16-6 


6-66 


1 


1 


100 


40 


7 


0-143 


14-3 


6 


1-25 


0-800 


80 


32 


8 


0125 


12-5 


5 


]-60 


0-666 


60-6 


26-66 


9 


0111 


11-1 


4-50 


1-75 


0-571 


67-1 


23 


10 


0-100 


10 


4 


2 


0-500 


50 


20 


11 


0001 


9-1 


3-75 


2-25 


0-444 


44-4 


18 


12 


0083 


8-3 


3-33 


2-50 


0-400 


40 


16 


13 


0-077 


7-6 


3 


2-75 


0-:^63 


36-3 


14-54 


14 


0-071 


7-1 


2-85 


3 


0-333 


33-3 


13-33 


15 


0-067 


6-6 


2-66 


3-50 


0-286 


28-5 


11-50 


16 


0062 


6-2 


2-50 


4 


0-250 


25 


10 


18 


0055 


5-5 


2-25 


4-50 


0-222 


22-2 


9 


20 


0050 


5 


2 



Cylindrical Lenses. — A cylindrical lens is one which has the 
curvature of a cylinder instead of that of a sphere ; it is, in fact, a 
portion of a segment of a cylinder. The opposite sides of a 
cylindrical lens are parallel with each other in the direction of the 
axis of the cylinder of which it is a segment, while there is more or 
less curvature between them in all other directions. The cur- 
vature is greatest in the direction perpendicular to that of the axis 
of the cylinder. The foci ofcylindrical lenses may be either positive 
or negative. There are several kinds of cylindrical lenses. 

Simple Cylindrical Lenses. — Ordinary cylindrical lenses are 
cylindrical on one side only and flat on the other. They are known 
as pla7iO'Convex or 'plario-concave cylindrical lenses. But, like 
spherical lenses, they may be bi-convex or bi-concave, or convex- 
concave or concavo-convex lenses. In these, which have both 
surfaces cylindrical, the axes must be parallel. The ])lano-convex 
and plano-concave cylindrical lenses are the lenses chiefly employed 
for trying and correcting simple forms of astigmatism. 

The illustrations which follow are explanatory of the points 
mentioned in this and in the preceding paragraph. P^ig. 25 
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exhibits the principal features of a cylinder so far as concerns its 
optical relations to cylindrical lenses ; figs. 26 and 27 indicate the 




Fig. 25.— Portion of Cylinder. 

LAM, sector of the cylinder ; ab, axis of the cylinder ; i^\, ma, two radii of cylinder; lfm, 
arc of the sector; cdk, princlpiil ciirrature perpendicular to axis ; FO, line parallel with 
axis ; kiu, a secondary curre of the cylinder. 

mode of construction of a plano-convex and plano-concave cylin- 
drical lens, and show the aspects of their two principal sections. 




fr~^ 




A, plano-conrex segment of a c; Under ; 
a, cutting of a p'ano-conrex cy indricnl 
lens ; b, transverije section ; c, longi- 
tudinal section through the axis. 



Fig. 27. 

A, plano-concave segment of a cylinder ; 
rt, cutting of a piano concave c.\ lindrical 
lens ; b, transverse section ; c, longi- 
tudinal section through the axL$. 



Bi-cylindrical Lenses. — These are lenses with both surfaces 
cylindrical, but with the axes of the cylinders perpendicular to 
each other. Their construction is shown in figs. 28 and 29. 
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Spherica-cylindrical Lenses. — These are compound lenses, of 
which one surface has a spherical, the other a cylindrical curvature. 
They are chiefly used in the correction of compound and mixed 
forms of astigmatism. Their construction is shown in figs. 30 
and 31. 

Action of Cylindrical Lenses upon Light. — Rays of light falling on 
a simple cylindrical lens are acted upon differently according as they 





Fio. 28.— Convex Bi-cylindrical Lens. Fig. 29.— Concave Bi-cylindrical Lens. 
A, anterior se^icnt ; b, posterior segment ; c, vertical section ; d, transverse section. 

fall upon the lens in a plane coincident with the axis of the cylinder 
of which it is a segment, or in a cross direction. Rays incident in 
the plane of the axis of the cylinder pass through it as through 
glass with opposite parallel surfaces, or as if it were a piece of plate 
glass, and form on a screen a line of light. Rays incident in a 
plane at right angles to the axis are acted upon according to the 
amount of convexity or concavity of the glass in the direction 





Fio. 



30.— Sphero-convex Cylindrical 
Lens. 



Fig. 31.— Sphero-concave Cylindrical . 
Lens. 



mentioned, and converge to a point or diverge as if issuing from a 
point. The more convex or the more concave the surface, the more 
convergent or more divergent the rays will be rendered after their 
passage through the cylinder in this direction, just as happens with 
spherical lenses. The essential difference between a spherical lens 
and a simple cylindrical lens is that in the spherical lens all the rays 
which fall on it are altered in direction by their passage through it, 
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while in the cylindrical lens some of the incident rays pass through 
it unaltered in direction, and the remainder of the rays are more or 
less altered in direction. A spherical lens brings the rays pro- 
ceeding from a Ijiminous point to a focus in the form of a point, 





OL 



Figs. 32 and 33. — Action of Simpls Cylindrical Lenses on Light. 

A, tninsyerse section with conrergent rays. b, axial section with para! lei rays. 
Combination of a and R resulting in a linear focns, a&. 



I ^ 

^ \ 

\ 

V 

6 



d 



while a cylindrical lens brings the rays from a similar point of 
light to a focus in the form of a line instead of a point. 

Prisms. — Prisms of different poweis are used in certain parts of 
ophthalmic practice, especially in the investigation and treatment of 
strabmnns and diplopia. Prisms for optical 
purposes essentially consist of a solid piece of 
crown glass contained between five plane sur- 
faces, of which three — two sides and a base 
— are rectangular, and two — the ends — tri- 
angular, these latter being at right angles with 
the base of the prism, and therefore parallel 
with each other. The line of junction of the 
two inclined surfaces, or sides, is the ed<je 
of the prism ; each triangular end, if perpen- 
dicular to the base, represents a jyrincipal 
section of the prism (see fig. Si). In order to 
adapt them for use in front of the eye, however, 
the angles are sometimes rounded off, and 
a shape thus given to them which is nearly 
circular. 

When rays of light are made to fall upon 
one of the sides of a prism, and to pass through 
it, they are refracted towards its base, and the 
degree of their deflection on issuing from the 
other side of the prism varies according to the 
size of the angle inclosed between the sides through which the re- 
fracted light has passed, or, in other words, according to the ancjle 
of refraction of the prism. As a consequence of these qualities, 




Fig. 34.— The Prism. 

cabgy dab/, two rect- 
aniru!ar sides ; cr/d^ 
bane ; ead, <bf, two 
enfi!^ or principal 
sections ; ah, ed}?e of 
pris'm; (7A<. refracting 
angle of prism. 
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when an object is looked at through a prism, its apparent position 
is changed; it seems to shift its direction towards the edge of 
the prism, and the distance to which it appears to be shifted from 
its normal position increases with the increase in the refracting 
angle of the prism (see 6g. 35). Taking advantage of these facts, 
the rays from a given object may be made to impinge upon any 
part of either retina, by the use of prisms of different degrees of 
strength placed in suitable positions before the eyes ; and by these 
means the presence or absence of bino3ular vision may be de- 
termined in doubtful cases, diplopia may be counteracted, and 
single vision restored, or the relative strength of the several motor 
muscles of the eyes may be tested. 




Befiucting Properties of the Prism. 



+, object ; ir, ray in air incident on aft. one of the sides of the ga*8 prism* ahc ; pr, perpen« 
dicu ar to nb ; ii\ direction of incident ray if no prism intervened ; r/^. Incident ray 
refracted in prism toward ]>erpcndicuar pr ; pV, perpendicnar to sidea* of pri«m ; /■'r", 
emergent ray from g'a^s prism into air, refracted from the perpendicular, p'r* ; +', direc- 
tion In which the object + Is seen by an eye at r". 

The effect of placing a prism before a squinting eye may be 
seen in fig. 36. In diagram A, a right eye with fixed internal 
squint sees the image of an object displaced outwards ; but with a 
prism of suitable refracting power placed before it with its base 
outwards, as shown in diagram B, is caused to see the image in its 
true direction. 

When a pair of prisms of equal refracting angles are placed 
before the two eyes with their bases outwards, and an object 
situated at a limited distance is looked at, it appears at first to 
each eye to be displaced in a direction towards the edge of the 
prism or inwards, and the strain on the muscles of convergence of 
the two eyes, the recti intemi, in order to preserve single vision is 
increased ; when the prisms are placed with the bases inwards the 
object appears to each eye to l)e displaced outwards in the direction 
of the edges of the prisms, and not only is the extra strain on the 
recti interni muscles then taken off, but the need for the normal 
action of these muscles may be lessened. 

The strength of the convergent power of the eyes may be 
measured by causing the two eyes to look in the manner just 
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described at an object situated in a plane midway between them, 
through two prisms with their bases directed outwards. The 
object which appears to be displaced in the direction of the edges 
of the two prisms respectively, or across the median line, if the 
prisms be of sufficient strength, will be seen double, and, if the 
power of the prisms is greater than that of the internal recti 
muscles to fuse the double images into a single one, the two images 
will remain at a certain distance apart. The highest refracting 
angle in the prisms which can be overcome by the muscular efforts, 
as shown by the fusion of the two images into a single image, 
affords the measure of the extent to which the converging faculty 
can be exerted. 

In like manner, if the bases of the prisms be held inwards, the 





Fia. 86. — Internal Stbabibmtjb (Right Etk). 

A. Without prUm. a, object; a\ position of image, homonymous, or with extomal di«* 
placement ; &, optic axis. 

B. With prism, a, object, with which a\ the image, is rendered coincident by the action 
of the prism, e. 



limit in diverging power of the external recti muscles may be 
measured. 

The prisms supplied in the cases of eye lenses and prisms in 
ordinary use have angles of refraction varying from 3° to 24**. 

Trial Case of Lenses. — A case of lenses of various descriptions 
and powers employed for purposes of optical investigation. A com- 
plete trial case usually includes full sets of the convex, concave, and 
cylindrical lenses just described, each bearing a distinguishing mark 
of its quality and power, together with a series of prisms, coloured 
glasses, stenopoeic diaphragms, opaque discs, and two pairs of lens- 
holders or trial frames. 

D 
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Trial Frames or Lens-holders. — Two kinds of frames are re- 
quired for holding lenses to serve as spectacles, and are generally 
supplied with each trial case. One with a single groove is arranged 
for holding a pair of spherical lenses ; the other with a double 
groove for holding cylindrical lenses in addition to the spherical 
lenses. The posterior grooves are intended to hold the spherical 
lenses ; the anterior, the cylindrical lenses. The metal rim of each 
of the hemispheres within which the cylindrical lens is placed is 
divided into degrees, plainly marked on the surface ; so that any 
required inclination may easily be given to the axis of the cylin- 
drical lens held by it. 

Beady Tests of Convex, Concave, and Simple Cylindrical Spec- 
tacle Lenses. — It is frequently necessary to ascertain rapidly the 
nature of a lens. This can be readily done in the following 




Fig. 87.— Contbabt Movementb op Cokvex Lenb and Iuaoe. 

A, a black dot, suproned to lie in the axis of 1, a + lens ; a'a'a'a', the fame dot holding 
iutemieaiate and marginal positions according as the lens is moved to the right or left. 
The larger arrows show the morement of the lens, and the smaller ones the movement 
of the enlarged image, which always reaches the mai^g^ of the lens in advance of the 
object. 

manner: — On holding the lens a few inches in front of some 
printed type and looking through it at the print while the lens is 
moved in a plane parallel with the plane of the print, if the print 
is enlarged and appears to move in an opposite direction to the move- 
ment of the lens, the lens is convex ; if the print is diminished in 
size and appears to move in the same direction as the lens, the lens 
is concave ; and if in either case the same occur equally in what- 
ever direction the lens is moved, the lens is centric. If the re- 
spective movements just described only occur in one direction, the 
print appearing to remain stationary when the lens is moved in the 
opposite direction, the lens respectively is a simple + or — cylin- 
drical lens. 

Similar indications will be obtained if the lens be moved an inch 
or so in front of the eye, and an object at a distance of several feet off 
be looked at through it. If the lens be a centric convex lens, the 
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object will appear in all directions to move the opposite way to 
the movement of the lens ; if it be a concave lens, it will appear to 
move in the same direction. If it be a simple convex C3rlindrical 
lens, the dimensions of the object will be elongated in one direction, 
and in this direction will appear to move opposite to the movement 
of the lens ; while it will seem to be shortened, but show no move- 
ment, when the lens is moved in a contrary direction. This latter 
will be the line of direction of the axis of the lens. If it be a simple 
concave cylindrical lens, the dimensions of the object looked at 
through it will be lessened in one direction, and in this direction 
will appear to move in concert with the movement of the lens ; 
while it will seem to be elongated, and show no movement, when 
the lens is moved in the contrary direction. The last-named will 
be the line of direction of the axis of the lens. 

To ascertain the Power of a Convex, Concave, or Cylindrical 
Lens. — This may be readily done in the case of a centric convex 
lens, even without a trial case of lenses, by ascertaining the distance 
of its principal focus. The rays of light from a window frame fifteen 
or twenty feet away, or, as is often done iri opticians' shops, from 
the large letters on a shop front on the opposite side of a street, are 
allowed to pass through the lens and are received on a piece of white 
card or other suitable screen. At one distance only can a clearly 
defined and sharp picture occur of the object from which the rays 
have come, and the measure of this distance from the lens gives the 
distance of its principal focus, and therefore of the power of the 
lens under examination. 

This cannot of course be done in the case of a diverging lens. 
When the power of a centric concave lens is sought, it must be 
ascertained by neutralising it by a convex lens of known power. 
This is quickly managed with a trial case of lenses at hand. A 
convex lens is taken from the case, placed in contact with the con- 
cave lens, and an object, such as the bar of a window frame, looked 
at through the two lenses combined while they are moved in front 
of the eye. If the bar appear to move in the opposite direction to 
that of the lenses, the convex lens is stronger than the concave lens ; 
if the bar appear to move in the same direction, the convex lens is 
less strong than the concave lens ; when the bar, seen through the 
two lenses, shows no movement on the lenses being moved, the 
concave lens is exactly neutralised, aud the power of the convex 
lens being known, that of the concave lens is also known. 

In the same way the power of a convex lens may be quickly 
ascertained, if a trial case of lenses is at hand, by finding the 
concave lens which exactly neutralises it. 

In the case of a convex cylindrical lens, the principal focus, and 
therefore its power, may be ascertained by measuring the distance 
from the lens at which a point of light, as a candle placed at the 
distance of 10 or 15 feet, is brought to a sharply defined line ot 
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light on a screen. The power of a concave cylindrical lens must be 
found by neutralising it by convex cylindrical lenses of known 
power ; and, indeed, both forms of cylindrical lenses can have their 
powers most quickly ascertained by neutralisation by opposite kinds 
of cylindrical lenses taken from a trial case of lenses, in the same 
way as concave and convex spherical lenses. The axes of the two 
opposite kinds of cyliadrical lenses must be so placed as to coincide 
exactly in direction. 

Amy Optical and Ophthalmoscopic Case. — ^In the combined 
optical and ophthalmoscopic case which used to be supplied to officers 
of the Army Medical Department, in addition to the convex and 
concave lenses belonging to the ophthalmoscope, there was a pair 
of spectacles fitted with 10-inch convex or +4D lenses. Parallel 
rays falling on such lenses are cauped to converge to foci at a dis- 
tance of 10 inches from their respective centres ; while divergent 
rays proceeding from points at 10 inches' distance from their centres 
are refracted by them as parallel rays. 

Formerly spectacles with concave —6" lenses were also supplied 
in this optical case ; but the supply was discontinued because it was 
found that their employment could be dispensed with without in- 
convenience. 

Images formed by Convex and Concave Lenses. — Images are 
representations of objects formed by concourse of the pencils of 
rays emanating from all the points of the objects which they repre- 
sent. All the points of a perfect image are the conjugate foci of 
the rays which have proceeded from corresponding points of the 
object (see * Conjugate Foci,' p. 21). 

When an image is formed in the focus of a lens, and can be 
received on a screen, as at the focus of a convex lens for example, it 
is called real or positive ; when it is not formed by the actual union 
of rays in a focus, but only appears to be so, and cannot be received 
on a screen, it is called a virtual image. 

An image is erect when the object and image lie on the same 
side of the centre of the lens ; is inverted when the object and 
image lie on opposite sides of the centre. The retinal image of 
any object situated in front of the eye is an example of a real and 
inverted image. 

The diameters of the object and its image are directly as their 
distances from the centre of the lens ; as they separate from this 
point, the farther off either is, the greater its proportionate size. 

When an object is placed between a convex lens and its principal 
focus, an eye on the other side of the lens sees a virtual image of 
the object, erect, magnified, on the same side of the lens as, but at 
a greater distance from it than, the object. It is on this principle 
that microscopes are formed. If the object be farther off than the 
principal focus, but its distance be less than twice the focal length 
of the lens, the image is real, inverted, magnified, and on the oppo^ 
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site side of the lens to the object ; if the distance of the object be 
greater than twice the focal length of the lens, the image is realy 
inverted^ diminished, and on the opposite side to the object. 

When an object is placed in front of a concave lens, an eye on 
the other side of the lens sees an image of the object which is 
virtiud, erect, diminished, on the sams side of the lens as, and nearer 
to it than, the object. The image is diminished when the distance 
between the lens and the object is increased ; but when the distance 

A" 







Fig. 88.— Beal and Vibtual Iuaobs (Doublb Conyzx Lenb). 

AB, object ; a'b', real image on retina ; A'V^ Tirtual imagre ; r, anterior foctu ; l« leaa. 
The linee of reference from the retina are strongly dotted. 

of the object is a large multiple of the focal length of the lens, 
further increase of its distance does not appreciably alter the dis- 
tance of the image, or, consequently, its size. 




Fio. 89. — Beal AMD Virtual Iicages (Double Concave Lens). 

AB, object ; a'b' real image on retina ; a"b", Tirtual image : f, anterior focoB ; L» lens. 
Ttie lines of reference from the retina are strongly dotted. 

Composition of Optical Lenses. — ^Lenses for spectacles are either 
made of crown glass or colourless quartz, and it is useful for surgeons 
to have some knowledge of their respective qualities and occasional 
defects. Lenses made of quartz are described by the opticians who 
sell spectacles as ' pebbles,' or ' rock crystal,' and are usually re- 
commended by them as being clearer and cooler to the eyes than 
glass. The clearness of view through pebbles depends on the 
quality and manipulation of the quartz, and can very rarely, if 
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ever, be equal to that of the best crown glass ; any superiority in 
coolness as regards the eyes is very problematical. Glass is a bad 
conductor of heat, and quartz conducts it better than glass ; hence 
a quartz lens feels relatively cool when applied to the tongue, as it 
abstracts the heat from it more quickly than a glass lens. This 
quality is sometimes turned to account as a rough-and-ready test 
for distinguishing between a rock crystal and glass spectacle-lens. 
The only real advantage of ' pebbles ' is their greater hardness, so 
that their surfaces are not scratched and dulled so easily as those 
of glass lenses. Unless the quartz is unusually pure and trans- 
parent, is scientifically cut and shaped as regards refraction, it is a 
decidedly inferior material to good crown glass for optical purposes; 
and it is doubtful whether pebbles do not remain more trying to 
the eyes, even when proper attention is given to the requisite 
qualities just named, than spectacles of the best crown glass, such 
as is specially manufactured for spectacle lenses. Quartz has the 
quality of double refraction, and although its effects may not be 
perceived by the eyes in thin lenses of low powers, the images of 
objects on the retina must be in some degree less perfect in dis- 
tinctness in consequence, the more so if the quartz is not well cut, 
and a certain amount of accommodation will be exerted in trying 
to render them sharp and single. The only way to cut rock 
crystal so as to avoid double refraction is to cut it exactly perpen- 
dicular to the axis of the crystal, so that the axis of the lens which 
is formed from it may coincide, or be parallel with the axis of the 
original crystal. The operation is difficult except in compara- 
tively rare specimens of perfectly crystallised quartz, requires 
special care, and renders the lenses more costly. 

It is sometimes desirable to establish whether a pebble lens is 
properly cut or not. This can readily be done by looking through 
the lens placed in a tourmaline forceps, which may be procured at; 
the establishments of all good opticians (see fig. 40). The blades 
of the forceps consist of two thin plates of tourmaline, one of which 
can be revolved in front of the other, and they admit of a. lens 
being placed between them. On turning the movable tounn aline 
plate, when it arrives in a certain position the transmitted light 
becomes polarised, and is as it were extinguished. If a quartz 
lens is now placed between the tourmaline plates, the light is de- 
polarised, and the field becomes luminous ; if the lens were a glass 
lens, the field would remain dark. This serves to distinguish be- 
tween a glass and a pebble lens. On further examination of the 
quartz lens, if it has been cut perpendicularly to the axis of the 
crystal, its middle portion will be seen to be occupied by a series 
of concentric coloured rings ; if no such rings appear, it has been 
cut in a contrary direction. If the rings appear towards the edge 
of the lens, or are elliptical in form, it is defective, for it has been 
cut obliquely in respect to the axis of the crystal. 
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Glass lenses for spectacles should be made of pnre, colourless, 
and perfectly homogeneous crown glass. They should approach as 
nearly as possible in limpid transparency to that of the dioptric media 
of a young and perfect human eye. Inferior lenses are made of a 
bad quality of crown glass, having more or less of a greenish tint, 
and not unfrequently contain microscopic air globules, specks, or 




Fig. 40. 



A, tourmaline forceps, half natural siie, with the blades slightly open ; a, simple wire frame- 
work, with loops to hold the bniS8 mounting of the tourmalines (6 and c), and a spring (a') 
at the other end ; d, cork lining, with a square central opening ; b, a spectacle lenH held 
between the blades of the forceps; c, pebble lenses as seen between the tourmiilines (j:), 
in the position to intercept light (axes crossed at right angles), and (y) when they trans- 
mit it (the axes being parallel). 

striaD, owing to an imperfect mixture of the vitrifiable ingredients 
which enter into the composition of the glass. Such lenses inter- 
fere with a clear and even view of objects, they are unstable with 
respect to their transparency, are more or less unequal in their 
refractive power, and in consequence of these defects are propor- 
tionally trying and injurious to the eyes that use them. 

Unless glass lenses are duly protected their surfaces are apt to 
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lose their polish and transparency from being roughened by the 
fine gritty dust which collects on all objects exposed to the air. 
This is especially objectionable in a convex lens, for by such means 
it is rendered most dim at the centre on which it rests, the part 
where it is essential to retain perfect transparency. The superior 
hardness of rock crystal lenses gives them an advantage over glass 
under similar conditions of exposure. 

Thickness and Weight of Glass and Pebble Lenses for Spectacles. 
It is important for the ease and comfort of those who have to 
wear spectacles that the lenses should not be needlessly thick and 
heavy. Although the refractive index of rock crystal is rather higher 
than that of crown glass, I have ascertained from Messrs. Pickard & 
Curry, ophthalmic opticians, that in the manufacture of lenses for 
spectacle purposes there is no difference in respect to thickness of 
substance or weight between glass and rock crystal lenses of corre- 
sponding powers. The following measurements show the average 
thickness and weights of spectacle lenses of a few given powers, as 
manufactured by competent opticians. Spherical bi-concave lens, 
— 2D, least thickness at centre, 1 mm. ; thickness at circumference 

1 -5 mm. ; weight of pair of lenses in frames 6 dwt., the lenses 
forming half the weight, the frames the other half. Spherical bi- 
convex lens, + 2 D, thickness at centre 2 mm. ; weight of pair of 
lenses in frames 5^ dwt. Concave spherico-cylindrical lens, 
sph. — 2 D O cyl. —2D; thickness at centre in axial line 1 mm. ; 
greatest thickness of circumference If mm. ; weight of pair of 
lenses in frames 6J dwt. Convex spherico-cylindrical lens, sph. 
+ 2 D O cyl. + 2 D, thickness through centre of spherical surface 

2 mm. ; weight of pair of lenses in frames, 6 dwt. Meniscus 
lenses and concavo-convex lenses are approximately the same in 
weight as bi-convex and bi-concave lenses of corresponding powers. 

Arrangement of Lenses in Spectacles. — ^When lenses are applied 
in the form of spectacles for the purpose of relieving visual defects, 
several points of optical importance require attention. Glasses of 
the proper description and power may be ordered by a surgeon, 
but, however good in quality the lenses may be, unless they are 
rightly disposed by the spectacle maker their purpose may not only 
not be attained, but the eyes concerned may be much inconvenienced 
by them. Spectacles often require the inspection of the surgeon 
who has ordered them, to ascertain whether his directions have 
been carried out. 

Spectacles should be so arranged that the visual axes pass 
through the centres of the lenses. For this purpose, in the first 
place, the lenses should be properly centred, or, in other words, so 
adjusted within the rims in which they are held, that the centres of 
the rims, and the centres of the lenses, are in exact correspondence. 
Although the lens may have been correctly ground in respect to 
the coincidence of its axis and the centres of curvatures, it is evident 
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that if it be not cut or shaped in perfect accordance with the shape 
of the frame which receives it, the axis will be displaced, and the 
vision of the wearer will be liable to be proportionally incommoded. 
In the second place the frames carrying the lenses must be 
accurately measured and adjusted to the eyes before which they 
are placed, neither too narrow nor too wide. If the visual axes do 
not pass through the centres of the lenses, the line of sight of each 
eye will be either to the outer or to the inner side of the centre of 
the corresponding lens. If the spectacles are convex, and the line 
of sight is allowed to pass through the outer part of each lens, as 
will be the case in too narrow spectacles, the rays arriving at each 
eye from the object looked at are acted upon as if they had passed 
through a prism with its base turned inwards ; if the line of sight 
of each eye pass through the inner part of a convex lens, as will 
happen when the lenses of the spectacles are placed too far apart, 
the rays of light from the object looked at are changed in direction, 
as they would be in passing through a prism with its base directed 
outwards. The position of the two eyes must change in order to 
meet the altered directions of the rays falling on the macula lutea. 
In the former case the eyes will have to converge less, in the latter 
case more ; and where the spectacles are used for near objects, as 
in presbyopia for reading, the increased demand made on the action 
of the muscles of convergence, and the disparity caused between 
the exercise of convergence and that of the accommodation for the 
distance at which the print is placed, will entail a sense of strain 
and uneasiness (asthenopia) about the eyes. When concave spec- 
tacles are worn, and are not properly centred, the effects will be 
the reverse of those just named for convex glasses. The necessity 
for the visual axis passing through the centre of each lens involves 
a slight difference in position of the lens, or in the adjustment of 
the frame, according to the purpose for which the spectacles are 
worn. If they are used for correcting distant vision, as in myopia 
and hypermetropia, the two lenses must be parallel with one 
another, and their two centres should be directly in front of the 
pupils of the two eyes ; if for correcting vision of near objects, 
they should be inclined at such an angle toward each other as to 
allow the visual lines to pass through their centres to the visual 
distance of the objects looked at through them. So with bi-focal 
spectacles, in which the upper half of the spectacle is used for 
distant objects and the lower lens for objects near at hand, the 
upper lens sections should be placed parallel with the vertical 
planes of the two eyes when looking forward, and the lower lens 
sections connected with them at such an angle, about 75°, as will 
preserve the same correspondence in direction when the eyes are 
turned downwards towards objects close at hand, as in reading, the 
centres at the same time being moved slightly inwards, to allow for 
the convergence of the two eyes, "When one side of a spectacle is 
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allowed to drop to a lower level than the opposite side, an occur- 
rence which may not unfrequently be noticed, the visual axis of 
one or other eye no longer accords with the centre of the lens before 
it, and the discord leads to visual disturbance. A horizontal line 
joining the two centres of the lenses of a pair of spectacles ought 
to be exactly parallel with a similar line joining the centres of the 
pupils of the two eyes. A want of congruence in this respect is a 
frequent source of en'or when folding glasses are used. 

Distances of. Spectacles from the Eyes.— When spectacles are 
worn to correct refractive defects of the eyes, they should be so 
adjusted that the lenses are placed as near as possible to the anteri6r 
focus of each eye, i.e. about half an inch (13 mm.) in front of the 
cornea. When they are worn to correct failure of accommodation 
(presbyopia), the positions of the lenses are less important ; if they 
are removed an inch or so further from the eye than its anterior 
focus, the only effect will be to modify slightly the apparent size of 
the objects looked at, and to alter the position of the near point of 
distinct vision. This is met by suitably adjusting the distance at 
which the objects looked at are placed. 

Eyeglasses. — The use of a single eyeglass by any one who has 
the use of both eyes is not to be recommended, excepting in rare 
cases, when its purpose is to adjust the refractive power of the eye 
before which it is placed, so as to make it agree with that of the eye 
which is left free. If the effect of the glass is simply to assist the 
vision of the eye to which it is applied, while that of the other eye 
is left unattended to, the action of an eyeglass becomes more or 
less deleterious. The two eyes should always, as far as practicable, 
be exerted in concert ; if the retinal image in one be habitually 
suppressed, the unused eye will in time become amblyopic. Eye- 
glasses are not allowed to be used at target practice at the School 
of Musketry, though spectacles may be worn. 

Spectacle Frames. — The frames should be well fitted to the form 
of the face, should not press on the temples, but should only rest on 
the bridge of the nose and the tops of the ears, and, whatever the 
metal of which they are made, should be sufficiently firm to main- 
tain the right positions of the lenses. When they are used for 
vision at near objects, or for work in which the face is required to 
be bent forward, it is advantageous for the extremities of their 
sides to be curved so as to hook behind the ears, and be thus pre- 
vented from shifting or dropping off. 

Pantoscopic Spectacles. — A name given by opticians to spectacles 
in which a portion of the upper margin of each lens is cut away, so 
that they are nearly flat at the top and oval below. They enable 
the spectator to see over the lenses when he is not looking at near 
objects. The lenses, and the parts of the frames holding them, are 
set at an angle with the sides of the frames, so that the upper 
borders of the lenses are tilted to a certain extent forwards. They 
are suitable for emmetropic persons who have become presbyopic. 
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Some convex lenses are made perfectly flat above with the usual 
oval below ; while other concave lenses have this shape reversed, 
and are made oval above and flat below for myopic persons. As 
spectacles of these last two kinds are occasionally used by artists, 
they are usually sold under the name of ' sketching spectacles/ 

Equi- convex and Equi-concave Spherical Lenses in Spectacles. — 
Hays which pass through the secondary axes of a spherical lens, 
although impinging obliquely, are not much altered in direction on 
leaving the lens, because the opposite surfaces near the centre are 
nearly parallel ; but as rays approach the circumference of the lens, 
they become more and more oblique relatively to its curvature, 
are more strongly converged on emergence, and so intersect at 
points nearer to the lens than its principal focus. This deviation, 
known as sph&ncal aberration^ has been explained elsewhere (see 
p. 27). It gives rise to a certain amount of imperfection in the 
use of bi- convex and bi-concave spherical lenses as spectacles when 
the eyes are so turned as to look obliquely through them. The 
spherical aberration is greater in a plano-convex or plano-concave 
lens, than it is in a bi-convex or bi-concave lens of corresponding 
power. As the rays most free from deviation are those which most 
nearly coincide with the principal axis of the lens, it follows that, 
as before mentioned, vision through a spectacle is best when the 
eye looks direct through its centre ; and it is for the purpose of 
maintaining vision in this direction that persons wearing spectacles, 
even when perfectly fitted, or using a glass, are in the habit of 
turning the head altogether towards an object in cases where 
persons without spectacles would merely turn their eyes. 

Perisccpic Glasses. — Lenses concave on one side, convex on the 
other. When they are sectional ly crescentic in shape, i.e. when 
the convexity is in excess of the concavity, and the glasses act as 
convex glasses, they are designated meniscus glasses (firfvicKos, a 
little moon, a crescent). When the concavity is in excess of the 
convexity and they act as concave lenses, they are styled concavo- 
convex glasses. In the former, the two surfaces meet if they are 
continued ; in the latter, under the same conditions, they do not 
meet (see fig. 41). They are positive or minus lenses, according 
as their convexity or concavity is respectively in excess. The dis- 
tinctness of objects seen through a meniscus or concavo-convex 
lens is less interfered with by spherical aberration than when they 
are seen through bi-convex or bi-concave lenses of corresponding 
powers, andthey further have the advantage of closer accordance 
in their form of curvature with the curvature of the front of the 
eye-ball, and in this way they enable the wearer to see more 
obliquely and to have a wider field of view, or rather to look round 
with less inconvenience when the eye only is turned without turn- 
ing the head. Hence the name ot iieriscopic glasses, given to them 
by Dr. Wollaston who advocated their employment for spectacles 
in preference to bi-convex and bi-concave gUisses. 
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For a long time special difficulties were encountered in making 
satisfactory periscopic glasses at a moderate price, but they are 
now manufactured on the continent in large numbers of excellent 
quality, and may be obtained in England at as cheap a rate as 

Fio. 41. 




A. He. Eye cobbected bt a Bi-conyez Lens. 




B. He. Ete cobbected by a Meniscus Lens. 




G. Mc. Eye cobbected by a Bi-concaye Lens* 




D. Mc. Eye cobbected by a Concayo-convez Lens. 
KB.— The dotted lines show the correction. 

other glasses. Fig. 41 shows (see A, B, C, D) the nearer approach 
of the visual lines to a perpendicular incidence when they fall on 
the lateral points of a meniscus and concavo-convex lens than 
obtains when they are directed to corresponding lateral parts of 
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the surface of a "bi-convex or 
bi-concave lens, and at the 
same time indicates the wider 
range of view aflTorded by the 
two forms of glasses first 
named. Fig. 42 (A,B,C,D) 
shows the diflTerences in the 
angular obliquity of a lateral 
ray which falls on the surface 
of a bi-convex, meniscus, bi- 
concave, and concavo-convex 
lens respectively, at an equal 
distance from the centre of 
curvature of f^ach. 

Duplex Focal, Bi-focal, or 
Franklin Glasses. — Spectacles 
with the upper half adapted 
for looking at distant objects; 
the lower half for near objects. 
The line of the lower segment 
is brought into contact with 
that of the upper at an angle 
so that the visual axis, in the 
different positions required 
for seeing distant and near 
objects, meets the surface of 
each segment at right angles 
or nearly so. 

Thus the upper segment 
may be made slightly convex 
to correct H. ; the lower half 
more convex to correct H. 
combined with Pr. ; as the 
conditions of the segments 
appear to have been in the 
glasses first used and de- 
scribed by Benjamin Frank- 
lin, after whom they are 
named ; or the upper to cor- 
rect a full degree of M., as 
regards distant vision, the 
lower to correct the M. suf- 
ficiently for some relatively 
near distance, or again to cor- 
rect a moderate degree of M. 
as regards distant objects, 
and Pr. in respect to near 



A. Bl-CONVEZ 

Lens. 



B. MEinscus 
Lens. 



C. Bl-CONCATB Ui'b 

liENS. 




D. Concavo- 
convex Lens. 




a 



Fig. 42. 

aft, central ray ; ae, ray meeting snzface of lens in 
each instance at distance e6 from centre ; de, 
tangent to spherical surface, at point e. The 
angles ocd show the relatiye obliquity of tho 
lateral rays In the four lenses. 



Digitized by 



Google 



46 THE ILLUSTRATED OPTICAL MANUAL Chap. I 

objects. Fig. 43 shows the Franklin principle applied to a meniscus 
spectacle glass, the lower segment being more convex than the 
upper and joined to it at an angle suitable for viewing objects near 
to the eye. When half-lenses are thus employed, their optical 
centres should be clear of the line at which the upper and lower 
segments are joined together. They should, therefore, not be con- 
structed by cutting a single glass into two halves to form the cor- 
responding segments in the pair of spectacles, as is sometimes done, 
but each segment should be cut from a separate lens, and have its 
own axis complete. When Franklin glasses are thus arranged the 
wearer is not troubled by the fine boundary line between the two 
half-lenses ; he acquires the habit of looking above and below it 
without noticing its presence. In some French lenses the same 
purpose is occasionally attained by giving the upper half of the 
spectacle glass a curvature different from that of the lower half, 
thus combining in one glass the two powers required for dis^ant 
and near vision without an obvious boundary line between them. 
They are sold under the name o{ veires d foyer double. 




Fig. 43.— Bi-focal Meniscus Glass. The two segments inclined angularly 

to each other. 

Tinted Spectacles. — Plain glasses, or convex and concave lenses, 
may be tinted in various shades of blue colour, or may be simply 
darkened (neutral or smoke-tinted glasses), with a view to lessen 
the effects of glare, as of tropical light, or sunlight reflected from 
snow or water, or tp prevent the irritation caused by light in photo- 
phobia from any cause. Orange and red rays appear to be the 
most irritating rays of the spectrum to weak eyes, and whenever 
these tints are in excess in the light to which such over-sensitive 
eyes are exposed, blue-tinted glasses are the most suitable, as they 
neutralise the orange colour and render the light similar to 
ordinary diflnsed daylight. When there is no need to change the 
colours of objects, and all that is required is to lessen the intensity 
of brightness of the light reflected from them, glasses of neutral 
tint are the most fitted for the purpose. 

Opticians supply eight degrees of saturation of blue-tinted 
glasses. A set of specimens obtained from a leading manufactur- 
ing optician in London were designated by a series of numbers, 
the saturation being least in No. 1 and gradually increasing to No. 8. 
They also supply eight shades of neutral or smoke-tinted glasses. 
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respectively distinguished by the letters A to H, the sataration 
being least in A and gradually increasing to H. 

Eye Protectors. — Spectacles so called because they are chiefly 
employed to protect the eyes against dust, grit, or in certain trades 
against particles of metal and other substances which would injure 
the eyes if they reached their surfaces. They consist ordinarily of 
spoon-shaped but plain glass, having such forward convexity as 
readily to cast aside particles on striking them, and equally to pro- 
tect the eyes from the force of a strong wind when meeting it in 
front. When they are blue-tinted, and correct in form, they are 
very useful for protecting weak eyes against the irritating influence 
of orange-coloured light, and also against the glare of the sun, as 
in India and other tropical countries. It is important that they 
should have a suitable curvature for preventing the direct access to 
the eyes of bright light reflected from below or entering by the sides 
of the spectacles, for otherwise the eyes will be dazzled and fatigued 
by the mixture of the untinted rays admitted at the borders of the 
glasses and the tinted rays transmitted in front. An advantage of 
the spoon-shaped eye protectors, when compared with some others, 
is that, while mitigating the effects of strong glare, they allow air 
to pass freely over the eyes upwards and downwards, and thus are 
far better than glasses so shaped as to fit close to the orbit, for 
these heat, relax, and sometimes inflame the eyes by impeding the 
normal evaporation of their secretions, and by preventing the 
access of any air to them. They are also better than double 
spectacles with glass sides, which are objectionable not only on 
account of heating the eyes but also on account of their weight. 

The cheap eye protectors sold in some shops require careful 
examination, as they are not unfrequently defective in form, so that 
they do not act simply as a cover and shade to the eyes, but may 
operate as convex or concave lenses, and may further fatigue vision 
by causing a certain amount of distortion of objects owing to faulty 
curvature. They can be easily tested in the same way as has been 
already described, with regard to convex and concave lenses. 
Inferior glasses are also not unfrequently coloured unevenly in the 
grain of the glass, and sometimes contain specks and other imper- 
fections, which are less noticeable than they would be in unstained 
glass, owing to the fact of the glass being tinted. Such defects 
are always more or less detrimental and disturbing to vision. 

Goggles. — These are also contrivances for protecting the eyes 
against dust, glare, and other sources of irritation. They are formed 
of various materials, wire gauze, or a combination of wire gauze 
and glass, and may be set in spectacle frames or only fitted to the 
orbits, and held in place by ribbons that may be tied behind the 
head. The goggles supplied to the troops engaged in the recent 
military operations in Egypt consisted of two oval flat pieces of 
blue-tinted glass, set in front of two boat-shaped fine wire-gauze 
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sides. The glasses and the ganze wire were kept in shape by 
narrow steel frames or borders, and the whole was so fashioned 
that the edges fitted closely to the bony margins of the two orbits. 
The eyes were thus completely inclosed within the goggles. Each 
pair of goggles were connected on their inner aspects by a piece of 
cord admitting of a certain play, so that the goggles might adapt 
themselves to eyes at different distances apart ; and at their outer 
edges were connected by a piece of elastic cord sufficiently long 
to permit it being passed over the ears and behind the he^, and 
to hold them in position when they were worn. When not required 
for use, one goggle could be placed within the other goggle and the 
two put together in an oval japanned tin box, 2 J inches long by 
If inch across, and 1 inch deep, for security. Portability, 
lightness, and comparative cheapness were thus secured, while 
they answered the purpose of warding off the grosser particles of 
sand and diminishing glare. 

Prismatic Olasses. — Spectacles fitted with prisms, or with prisms 
in combination with convex and concave lenses, are occasionally 
used for various optical purposes ; such as to correct slight de- 
clinations of the visual lines, whether upwards, outwards, or 
inwards, and thus to prevent visual confusion from double images ; 
or to relieve asthenopia depending on undue strain of the M. 
recti intemi, as when persons with high degrees of myopia read 
or work at near distances at which the exertion of accommodation 
is not parallel with that of the convergence. Their action will 
vary according to the positions given to the prisms (see Prisms). 

Stenopceic Hole. — A very small circular opening in the centre 
of an opaque metallic diaphragm. The effect of the stenopceic 




Fia. 44.— Stenoposic Holk. 

A, iUamlnated point of un object ; b, cone of light proceeding from A ; c, metallio diaphragm 
with central perforation ; D, eye globe ; an, marginal rayg of the cone, b ; 6, central raya 
of the same ; c, stenopoeic aperture transmitting 6 ; dd, dotted lines showing the coarse 
tliat aa would take if not ob^structed by the metallic diaphragm c, which only transmits 
the central rays 6, and so far reduces e, a diffusion area formed in front of /, the true 
emmetropic f ooal point* and at g behind the same. 

hole, when the eye looks through it, is to exclude the marginal 
rays of the beam of light, proceeding from each illuminated point 
of an object, which would otherwise pass through the pupil, and 
thus to lessen the area of the circle of diffusion on the retina in the 
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case of any eye that is not emmetropic. At the same time that 
the marginal rays are excluded, a certain portion of the light 
emanating from an object is necessarily also excluded, so that the 
luminous impression on the retina is proportionally diminished. 
Although the actual brightness of the surface of the object looked 
at may remain the same, the effective brightness is leFsened in 
nearly the same ratio as a transverse section of the cone of rays 
entering the pupil through the stenopoeic hole is less than the cross 
section of the cone of rays which would enter the pupil if its whole 
area were free for their admission. Objects looked at through a 
stenopoeic hole, therefore, appear darker, and both the range of 
vision and the advantages of ocular movements are also curtailed 
by it. The stenopoeic hole is often of use in determining whether 
deficiency in acuteness of vision is due to ametropia or to some 
other ocular defect. It is very important for optical purposes that 
the margin of a stenopoeic opening should be perfectly clean and 
even. 

Stenopceio Slit. — A narrow slit in an opaque metal diaphragm. 
The effect of the stenopoeic slit, when placed before the eye, is to 
limit the entrance and passage of rays of light to one meridian of 
the eye. It may be conveniently employed in the diagnosis of 
astigmatism. 

Stenopceio Holder. — An appliance provided with a stenopoeic 
slit, so arranged as to be capable of being lessened or increased in 
width, and adapted for holding concave or convex spherical lenses. 
The appliance is provided with a suitable handle. It is chiefly 
employed in the diagnostic examination and in the correction of 
astigmatism. 

Stenopoeic Olasses.— Opaque glasses or metal discs with very 
narrow openings, either in the form of a circle or of a slit, for 
limiting the transmission of rays of light to the eye. They are 
used to improve vision, when oily a particular portion of the 
dioptric media is clear, by preventing the disturbance due to light 
being diffused through partial obscurations of the cornea or of 
other of the dioptric media ; in irregular astigmatism, to restrict 
the passage of light to a particular portion of the cornea ; and also 
when it is desired to lessen the amount of light entering the eyes, 
as in tropical countries in mydriasis or cases in which the iris is 
permanently dilated from any cause, or in which the iris or 
a large portion of it has been removed by iridectomy. 

Strabometer or Strabismometer — An instrument for measuring 
the linear extent of deviation ot the centre of the cornea of an eye, 
which is displaced laterally from the position it would occupy in 
normal binocular vision on the two eyes looking directly forward 
at a distant object, as happens in convergent and divergent 
strabismus. It consists of a small ivory plate, fitted with a handle, 
and made suitable in shape for being applied to the lower lid of an 
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eye. At the curved margin of the plate a scale of marks and 
figures is engraved, indicating distances in millimetres, or parts of 
inches, on each side of a central mark which is intended to be 
placed in line with what would be the normal situation of the 
centre of the cornea. As soon as the instrument is adjusted, the 
distance of the displaced corneal centre from the line indicating 
this normal position can be at once read off from the instrument. 

Judging Distance. — An important part of the instruction of 
recruits at rifle drill practice consists in teaching them to estimat'C 
correctly the distances of objects by ocular observation alone, that 
is, without the aid of range-finders, or other means of measure- 
ment. If a bullet on being fired from a rifle travelled in a straight 
path nearly to the end of its course, there would be no need for 
soldiers to become skilled in judging the disUinces of objects, or for 
adjusting their rifles to those distances, for the bullet would strike 
any object it might meet in its path within the limits of its range ; 
but since its path, or trajectory, instead of being straight, is 
curvilinear, it is evident that the bullet in its fall can only strike 
an object of the height of a man within a certain limited space. 
If the object be outside this space, either in front of, or beyond it, 
it will not be hit. Hence the necessity for a cx)rrect knowledge of 
the particular distance of any object that may be aimed at, in order 
to adjust the rifle to that distance, and so make sure that the 
object shall be hit by the bullet in its fall. 

The power ofjudginfj disfanre^ as it is called, with approximate 
accuracy, is therefore essential, for without this knowledge a soldier 
cannot use his rifle efficiently. 

The faculty of judging distance depends upon the capability of 
properly appreciating the differences in the vismd aiigles^ or in 
other words, the diff'erences in the sizes of the retinal images, 
formed by an object of known size, a man or horse for example, at 
different distances. The visual angle, and therefore, the retinal 
image of an object, lessens as its distance increases. In proportion 
then as the distance of an object of given size from the eye of an 
observer is increased so will be the diminution of the apparent size 
of the object ; and conversely, in proportion as the apparent size 
diminishes, so will be the increase in distance of the object from 
the eye of the observer. 

The acquirement of the art of jivdginfj distances is effected by 
causing the men under instruction to note the apparent size and 
aspect of soldiers placed at certain distances, to observe and 
familiarise themselves with the appearance of diff*erent parts of the 
figure, limbs, accoutrements, and dress of the men, and to make 
comparisons between them and the appearances of the same soldiers 
and objects at various other distances. The appearances of sur- 
rounding objects, such as trees, buildings, &c., at different distances, 
are also impressed on the soldier s mind. The practice is fiicilitated 
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by observing that certain parts of the men or objects on their 
persons disappear from view at particular distances; this fact 
depends, other things being alike, on the visual angles formed by 
these parts at such distances being too small to permit recognition. 
In like manner, and from the same cause, the whole object 
according to its size will disappear from view at some particular 
distance, even though no other impediments to a clear view of it 
exist (see ch. vii., pages 155 to 159, for further remarks on this 
subject). 

The diflSculty of judging accurately the distances of all objects 
is greatly increased when they are placed far away from the spec- 
tutor, yet it is under these circumstances that in using the rifle the 
need for forming a precise judgment of the distance of any object 
that may be aimed at is greatest. Hence, the experience derived 
from repeated practice, and accurate observation and comparison of 
surrounding objects, as well as of objects themselves, together with 
very perfect qualities of sight, are essential for a man to become a 
good marksman at objects at long ranges, when the estimate of the 
distances at which the objects are placed depends on the marksman's 
own judgment, as it must often do in military operations on active 
service in the field. The drop of a bullet increases in curvature in 
proportion to the elevation for distance given to the rifle, and of 
course the space within which an object of the height of a man 
would be liable to be struck is lessened in the same proportion. 
In firing at distances up to 300 yards at a target 6 feet in 
height, the bullet does not rise anywhere more than 6 feet above 
the ground, and hence a man of that height would be hit at any 
point of the bullet's path within this range ; but if elevated to suit 
a distance of 400 yards, the space within which he could be hit by 
the bullet in the latter part of its course would be limited to 110 
yards ; if at 800 yards, the limit of the dangerous space would be 
lessened to 45 yards; if at 1,000, there would only be a space of 
about 20 yards within which an object 6 feet in height would be 
liable to be struck. It is obvious that at such long distances, 
and under such reduced visual an^^lee as objects of the height of an 
infantry soldier or trooper would subtend at them, the eye must be 
capable of getting retinal images quite clear of circles of diffusion 
in order that the objects may be distinguished plainly. 

A certain amount of assistance in judging the relative distances 
of objects, when several are regarded in succession, is derived from 
the sense of the varying efforts of accommodation, and also from a 
consciousness of the consentaneous movements of the two eyes in 
changing their positions for the purpose of so adjusting their visual 
lines that they may meet together in the same points of the different 
objects under observation. 

It is not to be forgotten that, irrespective of the particular 
qr.ality and condition of the dioptric media of the eyes of any 
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individual observer, the character of the retinal image of an object 
and the acuteness of* the visual impression produced by it, will be 
modified very materially by the degree of illumination of the 
object, the position of the sun in regard to it, the character of the 
background, particularly its amount of contrast with the object, and 
the state of the atmosphere between the object and the observer 
in respect to its transparency and refractive stability. 

Aiming. — Before a recruit is permitted to practise firing his rifle 
either with cartridge or ball, he has to go through a course of 
instruction in ' aiming drill,' or the mode of aligning the ' sights ' 
of the rifle on the object aimed at ; in other words, in so holding 
liis rifle that the parts of it named, and the object to be aimed at, all 
simultaneously occupy positions in the line of vision. There are 
two sights attached to the rifle, technically called the hacl'su/ht and 
the foresight ; a slide on the former being capable of being raised to 
various heights, while the foresight is fixed. The recruit is taught 
to look ste«dfu8tly with his right eye along the bottom of a notch in 
the backsight in the direction of the projecting top of the foresight, 
which, in turn, is to cover the centre of the mark towards which the 
eye is directed. The backsight has to be kept perfectly upright, 
and the slide upon it to be so placed as to adjust the rifle in respect 
to elevation to the special distance of the object ordered to be aimed 
at. The recruit is instructed to fix his eye steadfastly on this object, 
not on the barrel of the rifle or the foresight, keeping his left eye 
closed, while he brings the top of the foresight in line with the 
object through the notch of the backsight. If more than the tip of 
the foresight is brought up into the alignment, a little additional 
elevation of the rifle is the result. This instruction is carried on for 
increasing distances until the soldier has become perfect in aiming, 
for the difliculty of aligning the foresight accurately increases as the 
distance of the object increases. 

Medical oflScers are occasionally appealed to by musketry 
instructors on account of their meeting with diflSculties in getting 
some men to adjust the sights of the rifles so as to bring them into 
true line with the object, and from doubts arising in their minds as to 
whether the men concerned are not suffering from defective eyesight. 
It is well, therefore, for medical oflBcers to be prepared with a know- 
ledge of the visual conditions which may facilitate or hinder men 
from taking a correct aim. 

When a Martini-Henry rifle is brought to the front of the right 
shoulder of a soldier in the standing position the distance of the 
notch in the slide of the backsight is about 15 inches, and of the 
' tip ' or ' fine sight ' of the foresight about 39 inches, from the 
right eye. When an object, such as the bulFs-eye of a target at a 
distance of several hundred yards, is aligned with these sights of 
the rifle, it is obvious that an eye, if it tried to do so, could not see 
the three difibrent objects with equal distinctness at one and the 
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same time. The recruit, therefore, is rightly instructed to fix his 
eye steadily on the mark he is to aim at — not on the sights nor the 
barrel of his rifie, which, although not directly looked at, can yet 
easily be brought into the line of vision with the bulFs-eye of the 
target. As soon as the sights and object are brought together into 
true line, the recruit is rendered conscious that they are so, by the 
simple fact that the foresight, projected through the notch of the 
backsight, intercepts some of the rays of light reflected from the 
buir^-eye of the target which would otherwise reach his eye ; and he 
learns that his rifle, if its elevation be duly adapted to the distance, 
is then in the right direction for a missile discharged from it to 
strike the target. He does not look at, nor recognise with distinct- 
ness, either of the sights of the rifle ; he only sees clearly the bull's- 
eye of the target, and at the same time observes its partial obscura- 
tion owing to the intervention of the foresight. 

Monocular Aim. — The recruit is taught to close the left eye when 
aiming at an object with his rifle. By so doing he confines his 
view to the object and a comparatively limited field around it, while 
he finds it easier to align the sights of the rifle upon the object. It 
is doubtful whether this plan is advanfageous under all circum- 
stances, especially when the object aimed at is not a fixed one at a 
given distance, as it is at target practice. 

Binocular vision gives a more vivid impression of an object 
from both eyes being simultaneously centred upon it, while it 
enables the observer to obtain a better notion of its distance and 
form, as well as of the direction and rate of its motion, when the 
object is a moving one, such as an enemy running or riding in an 
open landscape. There is also a further advantage gained under 
some circumstances from binocular vision, through an interchange 
of sympathetic action between the two eyes. This is independent 
of the * searching motion of the eye,' so fully described by Sir C. 
Bell, the purpose of which is to obviate the effects of retinal ex- 
haustion when vision is intently concentrated on a particular spot 
in the field of view. If the gaze of a single eye be fixed on a 
distinct point of an object, the other eye being closed, notwithstand- 
ing the * searching motion ' above referred to, the point quickly 
fades from view owing to retinal exhaustion' whereas, if both eyes 
be open, a clear view of the point gazed upon can be maintained 
for a much longer time. As the sensibility in the region of the 
macula lutea of one eye is becoming exhausted, the necessary 
energy is provided by the other eye, and this alternate ebb and 
flow of retinal power between the two eyes enables the duration of 
the maintenance of the intent gaze on the object to be considerably 
prolonged. 

But a man cannot align the sights of the rifle upon a given 
distant point, as when at target practice, when- both eyes are open 
and visually directed towards that point. He can only do so if he 
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has the power, although both eyes are open, of arresting the use, 
as it were, of the one eye while the other is taking aim ; that is, 
of mentally suppressing note of the image formed on its retina. 
When one eye only is used, the sights of the rifle, or such parts of 
them as are not covered by other parts nearer to the eye and the 
object aimed at, are all in the visual line, and consequently together 
form an image on the most sensitive part of the retina, the fovea 
centralis. When both eyes are used, and the object aimed at is a 
long distance off, the visual lines are nearly parallel, and the dis- 
tant object is imaged on the fovea centralis of each eye with bino- 
cular advantages ; but, under these circumstances, the images of 
such near objects as the sights of the rifle are formed on parts 
of the retina outside the region of the fovea centralis, and are 
consequently less distinctly visible than they are when they are 
in the course of the visual line under monocular vision. For either 
of the sights of the rifle to be seen distinctly the visual lines 
mrst have a very different relative direction ; the two eyes must 
converge on the sight concerned, and the visual lines be inclined 
toward it at an angle corresponding with the proximity of the 
objert. 

These facts may be illustrated by two simple experiments with 
a rifle. 

When a distant object is regarded with a single eye, the other 
being closed, the rifle and sights aligned upon the object are seen 
with a certain amount of distinctness ; if, without any change of 
position, the other eye be now opened, and both eyes are directed 
on the distant object, the distinctness of view of the rifle and its 
sights, especially of the backsight and parts approaching the stock, 
is at once lessened. The rifle is no longer in the line of sight; it is 
outside of it. Or if an object be aimed at from a rest, and the rifle 
be placed in a straight line midway between the two eyes while 
they are fixed on the object, the object may be seen distinctly, but 
the barrel, and, of course, its sights with it, appear very shadowy, 
because the rifle does not coincide with either of the visual lines of 
the two eyes ; it is between them. The backsight, if elevated, will 
probably appear double under such conditions. 

If a rifle be not at disposal the same facts may be illustrated 
simply by the hand alone. If the knuckle of the right hand be 
applied against the lower border of the right orbit, and the fore- 
finger extended so as to cover a portion of a distant object, while 
the left eye is closed, the finger and object will be seen together 
with more or less distinctness, being together in the line of the 
visual axis ; if now the left eye be suddenly opened, the finger will 
diaappear from view, while a more vivid perception of the distant 
object, and a more extended view of its surroundings, will be 
obtained. After a short time, if the mind be intently directed to 
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the purpose, the use of the left eye may be suppressed although the 
eyelids remain open, when the finger and the object to which it is 
directed will be again seen together with a certain amount of 
distinctness. This will be more easily accomplished by persons who 
are in the habit of ignoring the image formed in one eye, as 
happens with surgeons who are accustomed to use the ophthalmo- 
scope, microscope, and other such optical instruments, or as many 
sportsmen do who are in the habit of firing with both eyes open. 
Consideration of the facts just mentioned will explain why musketry- 
instructors find that men who cannot shoot with an approach to 
accuracy at a mark when both eyes are open can shoot fairly with 
one eye closed, although there is no difierence in the two eyes as 
regards refraction or visual power. 

As the central line of the notch of the backsight and the slend'^r 
ridge or tip of the foresight are very fine objects, and very accurate 
recognition of them is necessary in ensuring their perfect alignment 
with a distant object, it seems probable that in taking a precise 
aim they are each looked at in rapid succession, in other words, 
that an alteration of accommodation takes place from one to 
the other object, but so rapidly that the view of them is practically 
simultaneous, so that the alternate adaptation of vision to the dif- 
ferent distances escapes notice. If such a rapid visual adaptation 
be essential for ensuring a perfect aim, as seems likely, it is obvious 
that a person who is either hypermetropic or presbyopic in any 
considerable degree would experience special difficulties in taking 
a correct aim with a rifle at a remote object ; for he could not see 
the foresight of the rifle with sufficient definition and alertness. 
A hypermetropic eye, even at the recruiting age, if the hyperme- 
tropia amount to — 2 D, sees a small object, such as the tip of the 
foresight, so very hazily, that accurate alignment, unless the optical 
defect is corrected by a suitable lens, is out of the question. Also 
for a myopic eye, if the myopia be of corresponding amount, or 
equals 4- 2 D, alignment is rendered very difficult because, although 
the tip of the foresight is less obscured than it is with the hyper- 
metropic eye, there is still such reduplication and haziness of the 
distant object as to make the amount of the foresight brought up 
into the alignment and the relative positions of the sights and the 
object all very uncertain. If the ametropic condition be com- 
plicated with astigmatism, a certain amount of alteration in form 
and apparent change of dimensions are added to the haziness of 
view already mentioned, and the difficulties in the way of accurate 
alignment are increased. 

Strengthening the Eye for Shooting at Long Eanges.— It is 
laid down in the book of Musketry Instruction that ' it cannot be 
too strongly impressed on every man that to shoot well at long 
ranges he must train and strengthen his eye by looking at small 
objects at long distances ' (' Musketry Instruction/ ISS^, par. 77, 
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p. 8 1). A study of the conditions on which accurate vision of 
distant objects depends sufficiently shows that if an eye be em- 
metropic, neither the eye nor the quality of vision for such remot/O 
object; admits of increased strength or improvement; if an eye be 
myopic from natural formation, there is no reason for believing that 
exercise on distant objects will lessen the degree of myopia or its 
effects, or, if it be hypermetropic, make up for the deficiency other- 
wise than by the ordinary exertion of accommodation. But other 
conditions on which accurate shooting also depends may be de- 
veloped, and these belong more to the brain than to the eye. Minute 
featureM and peculiarities of a given object and its surroundings, 
which are unnoticed at first view, are rendered familiar and attract 
critical attention under close and repeated observation, and relations 
of size and distance of objects become more correctly estimated. It 
is by these means that painters perceive particular features of a face 
or landscape, and sailors see and distinguish objects on a distant 
horizon, although the images of those objects are not pictured with 
any more precision in their eyes than they are in the eyes of others 
with the same quality of sight who, however, fail to recognise their 
presence in the field of view. The artist and sailor learn to observe 
with more precision, and they acquire by practice the art of dis- 
tinguishing and rightly interpreting differences, often very slight, 
in form and colour, or contrasts in light and shade, which are un- 
noticed by a less observant oi less experienced spectator, notwith- 
standing he may be equal in strength of eye and acuteness of vision. 
It is not the strength of the eye which is developed so much as the 
faculty of observation, and it is to this the attention should be 
chiefly directed. 

The recent introduction of figure targets as objects to be aimed 
at in the range practice at musketry instruction will probably assist 
men in acquiring an increased facility of judging distance. The 
different distances at which the 6-feet figure is fired at along the 
range must tend to educate the eye and to enable it to estimate 
rightly any particular distance of the figure through the familiarity 
which will gi'adually be obtained with the different appearances 
presented by it at the various distances it is fired at. 

Abbreviations. — The following abbreviations are occasionally 
employed in this manual : Ace, for Accommodation ; Ambl. for 
Amblyopia; Em.forEmmetropia; Emc, Emmetropic ; M., Myopia; 
Mc, Myopic; Hni., manifest Hypermetropia ; HI., latent Hyper- 
metropia; H., absolute Hypermetropia; He, Hypermetropic; 
Ast., Astigmatism ; C, Convergence ; Cyl., Cylindrical ; V., Vision, 
or acuteness of vision ; Pr., Presbyopia ; l^rc, Presbyopic ; P., 
proximate or nearest point of distinct vision ; R., remote, or most 
distant, point of distinct vision ; Lt., Left; Rt., Right ; Ref., Re- 
fraction ; Sn., Snellen's types ; Sph., Spherical ; D., Dioptric ; I 
m., one metre; 1 cm., one centimetre; 1 mm., one millimetre. 
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Symbols. — The following symbols are also found useful for the 
purposes of abbreviation:— 1', one foot; T', one inch; V^\ one 
line ; oo , infinite distance, or infinity ; o? combined with ; + , 
convex, and --, concave, when applied to lenses. 
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Examples — Irregular Ast. — Influence of Ast. on Military Service. 

Chief Varieties of Focal Adjustment. General Remarks. — 
Measure of focal distance beiug the chief feature of those conditions 
of vision which depend upon the optical adjustment of the eye in a 
passive state of rest or the state in which there is no active exertion 
of accommodation, all varieties in this respect may be classed under 
three heads or natural divisions. They are expressed by the follow- 
ing terms : 1 . Emmktropia, ^cus in correct measure, the refractive 
power of the eye being normal ; 2. Hypo-metropia, under measure, 
or Brachy-metropia, focus short in measure, the refractive power of 
the eye being in excess ; 3. Hyper-metropia, focus beyond measure, 
the refractive power of the eye being deficient in degree. But, as 
regards No. 2," Hypo-metropia and Brachy-metropia, the old classical 
term Myopia, derived from the habit of short-sighted persons 
partially closing or nipping together their eyelids, is so familiarly 
known, and is so convenient for avoiding mistakes from similarity 
in sound between the Greek derivatives signifying under and over, 
that its use has been universally continued. 

The diagrams which follow, figs. 45, 46, 47, serve to illustrate 
in outline the three different refractive conditions, or varieties of 
focal measurement, just named. 

Ametropia, not in measure, is a term which simply signifies 
that the condition of emmetropia does not exist ; it therefore 
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comprehends the conditioa of myopia as well as that of hyper- 
met ropia. 

Astigmatism is a variety of disordered focal adjustment of a 
composite nature, in which diiferent degrees of refractive power 



Pr 
Pr 




Fio. 45.— Emmetropic Eye. Parallel rays focnssed on retina. 

• exist in the same eye in different meridians. The principal elements 
of Astigmatism, however, when regarded separately, belong to one 
or other of the three leading optical divisions above named. 

The terms Isometropia, with its adjective form isometropic, are 
sometimes used to express briefly that both eyes of an individual 



Fig. 46. — Myopic Eye. Parallel rays focnssed in front of retina. 
R, remote point of diitinot V, from which dirergent rays are focnssed on the retina. 

are equal in refractive quality and power; Anisometropia, and 
aniiiomtdropic^ that, although similar in refractive quality, they 
differ in their degrees of that quality ; Antimetropia, that they are 
dissimilar in quality, as when one eye is emmetropic but the other 
ametropic ; or that their refractive qualities are both defective and 



Fio. 47.— Hyper-metropic Eye. Parallel rays focussed behind the retina. 
Convergent rays focussed on retina. 

at the same time opposite in kind, as when one eye is myopic and 
the other hyper-metropic. 

The varieties of focal adjustment which have been named 
refer to the refractive quality of the eye when it is in a state of 
complete repose ; but the focal adjustment of every eye under 
normal conditions may be more or less changed by the exercise of 
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a special function named Accommodation. The various refractive 
conditions, as well as the function of accommodation, will now be 
described more fully. 

Emmetropia. 

Definition,— Normal-sightedness, in respect of the refractive 
power of the eye in a state of repc^se — that is, when it is not exert- 
ing any of its acconimodatory power. 

Optical Conditions.— The dioptric media of the eye are so 
adjusted that, by means of their combined refractive qualities, rays 
of light emanating from distant objects — that is, objects at a dis- 
tance of 6 ra. (20 feet) and upwards — and falling upon the eye practi- 
cally as parallel rays, are brought accurately to a focus upon the sen- 
tient layer of the retina. The eye is in true measure. In other 
words, the retina is so placed as regards measure of distance that 
it is precisely in the plane of the principal focus of the dioptric 
media of the eye ; the two distances, that of the retina and that of 
the principal dioptric focus, are in perfect harmony (see fig. 45). 

Farthest Point of Distinct Vision.— Infinite distance, or the 
distance of the farthest visible objects— the fixed stars for example. 
However great the distance of an object may be, so long as the 
other conditions necessary for vision, viz. sufficient size and illumi- 
nation, are preserved, a perfectly defined retinal image of it will be 
formed by the emmetropic eye. 

Nearest Point of Distinct Vision.— Varies with age, and power 
of accommodation (see ch. iv.). 

Diagnosis of Emmetropia may be established subjectively: (I) 
by types, (2) by spectacles, and (3) objectively by the ophthalmo- 
scope. 

1. J?// Types. — The emmetropic eye, other conditions being 
favourable, can read Snellen's types at the indicated distances with 
clearr^esG and facility. 

2. Bij Spectitcles. — Vision of distant objects is not improved 
either by a convex or concave lens as a hyper-metropic or myopic 
eye respectively would be, but, on the contrary, is deteriorated in 
proportion to the increase in power of the lens applied to the eye. 
If, however, a weak concave lens be applied to an emmetropic 
eye, its deteriorating effect may be counteracted by an exercise of 
Ace. on the part of the person under examination, especially if he be 
young. Printed letters of small type can be read at a distance of 
10 inches from a 4- 4 D lens, placed in front of the eye at the dis- 
tance of the anterior focus of the eye, about half an inch from 
the cornea, for the rays of light coming from the print are thus 
caused to fall on the eye as parallel rays. The farthest point of 
distinct vision of the emmetropic eye with a + 4 D lens before it 
is at 10 inches. 

Occasionally, as age becomes advanced, the subject of vision 
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which has appeared to be emmetropic finds that he derives some 
advantage in looking at distant objects from the use of convex 
glasses of moderate degrees of power. This is a change which 
Professor Bonders designated 'acquired hyper-metropia/ and in 
his great work on Anomalies of Hef ruction he has given a diagram 
showing from various observations the course of this change. 
According to this diagram the change begins at middle life, and at 
80 years of age the acquired H. amounts to a deficiency of refrac- 
tive power equivalent to 15 D, or a lens having a focus of 26f 
inches. It is questionable whether in such instances the so-called 
acquired condition of H. is really due to senile changes, or whether 
the eyes under observation have not always been hyper-metropio 
although the H. has not been detected, owing to its being supple- 
mented by a certain amount of accommodation. Practically, 
however, whatever the explanation may be, whenever the condition 
exists, the fact that vision for distant objects is improved by 
convex lenses takes the eyes under observation out of the category 
of emmetropia and puts them in that of hyper-metropia. 
3. By Ophthalmoscopic Observation (see page lOG). 

Myopia. 

Definition.— Syn. : Short-sightedness. Near-si;^htednes3. The 
measure of distance of the principal focus of the dioptric media of 
the eye is under the measure of the principal axis of the eye, and 
the focus, therefore, does not reach the plane of the retina. The 
refracting power of the eye, when it is free from all exercise of 
accommodation, is in excess by comparison with that of an emme- 
tropic eye ; so that parallel rays from remote objects are brought 
to a focus in front of the retina. Only divergent rays are focussed 
upon the retina ; vision is, therefore, acute as regards objects at 
and within a certain limited distance, while it is indistinct as 
regards more distant objects (see fig. 40). 

Farthest Point of Distinot Vision.— 1 fixed limited distance in 
front of the eye, the measure of which varies in different persons 
according to variations in the degree of myopia. 

Nearest Point of Distinct Vision.— This also varies in distance 
with the degree of myopia, together with the amount of Ace. that 
can be exercised, but it is always nearer to the eye than it is in a 
person of emmetropic vision at a corresponding age, or with a 
corresponding amount of accommodatory power. 

Optical Conditions. -To produce a myopic condition of vision, 
either the antero-posterior axis of the globe of the eye must be 
prolonged beyond the distance of the principal focus of the refract- 
ing media (and this is the general cause in simple myopia), or the 
refracting qualities of the dioptric media must be increased out of 
proportion to the length of the eyeball, irrespective of exercise of 
accommodation. In practice it is most convenient to regard the 
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myopic state as depending on an excess of refractive power in the 
media of the eye, and to take no note of the increased length of the 
antero-posterior axis of the eyeball. 

Causes.— Hereditary conformation of the eye is the most 
common source of myopia, it being frequently transmitted by 
parents, and seen to prevail in many members of the same family. 
Originating in the majority of cases in artificial and avoidable 
causes, it becomes transmitted to children, who, in turn, from 
similar causes, are in many instances rendered myopic in a more 
marked degree than their parents. 

Morbid changes, of which distension, attenuation, and protrusion 
posteriorly of the sclerotic coat, together with an atrophic con- 
dition of the choroid coat, are the most conspicuous features, con- 
stitute its secondary causes. This morbid state may either be 
general, the posterior hemisphere of the eye being elongated in all 
directions; or, as frequently happens, it is local, the eye being 
more elongated in the direction of the antero-posterior axis than in 
other directions (staphyloma posticum). 

Conditions in which the convexity of the cornea is unduly in- 
creased are also causes of M. 

Another cause is long-ccntinued convergence of the eyes and 
ocular over-exertion at near objects, particularly by children. 
Under such conditions a certain amount of compression of the an- 
terior portion of the eyeball is produced, and a strain is thrown on the 
tunics in the neighbourhood of the posterior pole, giving a tendency 
to elongation of the globe, and going on eventually, if the origin of the 
mischief be not stopped, to staphyloma posticum. Neglect of adopt- 
ing proper measures for preventing or remedying the excessive strain 
just named is a very common source of aggravation of existing 
myopia, especially when it is associated with a weak state of bodily 
health. The M. becomes progressive, and under additional condi- 
tions of intense light, heat, and glare, such as men are exposed 
to in India and other tropical climates, the M. is apt to become 
complicated with serious disoiders of the retinal and choroid tunics. 

Under similar conditions of continued strain the lens may Iofb 
some of its subjectiveness to change of form, or, from being so 
constantly accommodated for a very near point, the accomnio- 
datory apparatus in an eye t.hat is Emc, or nearly so, may cease to 
be able to relax itself sufficiently to allow parallel rays to be 
brought to a focus upon the retina. In this last case the parts 
concerned in Ace. would be primarily in fault, but acquired M, 
would become one of the results. 

Certain neurotics, as the extract of the Calabar bean, by exciting 
contraction of the ciliary muscle and constrictor pupillae, tem- 
porarily change an Emc. into the condition of a Mc. eye. 

Symptoms. — In uncomplicated M. near objects up to a limited 
point are seen quite clearly. Hence the common name of the 
affection — near-sightedness. The nearness with which objects cau 
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be brought to the eyes enables minute letters to be read, because 
under such conditions their retinal images are of sufficient size, and 
sufficient light is reflected from them, for recognition. The cir- 
cumstances named enable myopes to decipher small print in a 
light so relatively dim that emmetropes, who would have to hold 
the print farther off, would fail if they endeavoured to accomplish 
the same task. More remote objects appear to myopes to be misty, 
enveloped in a haze, and are consequently only indistinctly visible 
by them. When distant objects are highly illuminated or brightly 
coloured, they often appear solid toward their central parts, but 
attended by a shadowy apparition, or spectral reduplication, of 
their outlines. The reason that objects near to the eye are 
naturally seen by a myopic person with precision is that the 
pencils of rays proceeding from all the illuminated points of these 
objects impinge on the eye more divergently than they do from 
distant objects, so that, the increase in divergency being rendered 
proportionate to the over-measure in the convergent quality of the 
eye relatively to the length of its visual axis, the rays are brought 
to a focus upon the retina, and proper images are formed there. 
At the farthest limit of distinct vision, the over-refractive quality 
of the Mc. eye is just balanced by the divergency of the rays pro- 
ceeding from the object looked at at that limit; within that 
distance, as the rays from objects become more divergent, the 
accommodatory function is called into play to supplement the 
refractive quality in order that the eye may still get clearly-defined 
images on the retina. Tlie reason why an object beyond the far 
point of distinct vision appears * blurred,' or surrounded by a halo, 
is that after the rays proceeding from it have been brought to a 
focus short of the retina, they cro^s each other, proceed divergently, 
and become spread out upon the retina. An image of the object is 
then formed, but as the pencils of rays proceeding from the object . 
instead of being focussed to corresponding points on the retina, are 
spread out in successive circles, the image is necessarily confused 
and indistinct. The rays which proceed to form the image consist 
of a number of sections of diverging cones, and these sections over- 
lap each other in its formation. The ciicular outline of the image 
is determined by the form of the pupil through which the rays 
originally passed into the eye. The diffusion is greatest toward 
the circumference of the image, because the rays of the conical 
pencil become more divergent in proportion as they approach its 
f eripheral limits. These scattered rays, for sake of brevity, are called 
* Circles of Diffusion.' The farther an object is removed from the 
eye the greater is the diffusion on the retina of the rays proceeding 
from it, for each pencil of rays from the object is brought to a 
focuB at a greater distance from the retina, and the cone of rays 
proct^eding from this focus has, in consequence, a longer axis and 
a base of proportionally longer diameter where it is intercepted by 
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the retina, than it would have if the ocular focus from which it 
started were nearer to the retina. The habit which myopic persons 
have of partially closing their eyelids, and thus naiTOwing the 
interpalpebral fissure, when looking intently at a distant object, 
arises from an instinctive endeavour to prevent some of the peri- 
pheral rays of light reaching the eye, and so lessening the circles 
of diffusion upon the retina.^ 

When M. is due to the natural form of the eye, and morbid 
changes have not been induced in the organ by unhygienic mis- 
management, the M. does not lessen in degree with advancing 
years in all, though it may do so in some, instances. In illustration 
of this fact I may mention that a relative of mine at eighty-five 
years of age used the same concave glasses he had worn as a youth 
and assured me they rendered distant objects as clear to him as 
they had ever done. He had never worn glasses when at such 
near occupation as reading and writing, and as his M. amounted 
to about 4 D he never required correction for presbyopia, though he 
became rather dim-sighted a year or so before his death in his 
eighty-ninth year. 

Connterfeit or False Myopia. — It is necessary to be on guard 
against counterfeit M., or a condition which may pass for M. but 
is really only a semblance of it due to irritation and spasmodic 
action of the parts concerned in the exercise of accommodation. 
Prolonged work at small objects, as in etching, long-continued 
readin!< small and defective print, and other similar near work, will 
sometimes not merely cause an exaggeration of M. when it already 
exists, making the patient appear to be more myopic than he really 
is, but in occasional cases will induce an imitation of a considerable 
degree of M., particularly in eyes that are weak and excitable from 
any cause, although no M. may be present. A person may exhibit 
the condition referred to, and may even have a He. formation of the 
eye. The question of the true refractive quality of an eye under 
such circumstances can only be solved after the power of accommo- 
dation has been paralysed by atropia. 

It has been proved by experienced observation in countries 
where conscription is in force that young persons with good ac- 

* I was once informed by some myopic candidates for commissions io the army 
that they had been advised by their trainers to apply Calabar gelat lues to the eyes 
shortly before appearing for physical examination. The iftention was to produce 
contraction of the pupils, and so to lessen the diameteis of the circles of diffusion. 
On the other hand, the use of eperine to produce a condition simulating that of 
myopia by lessening the size of the pupil and shortening the linjit of distinct 
virion, is said to have been not unfrequently resorted to by pers'»ns on the Conti- 
nent, f'»r ihe purpose of avoiding m»litary service; and on this account, in the 
military regulations of some countries, it is ordered that the ocular esaminai ion 
of conscripts in special cases shall only take place after the accommodation has 
been paralysed by the employment of atropine. A simulat*^d, or exaggerated, 
myopic condivion artificially produced by the use of eserine would thus be counter- 
acted. 
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commodation wishing to avoid military service have been able bv 
voluntary practice to acquire the power of reading print, both 
distant and near, with concave glasses of higher power than was 
required for the neutralisation of their real degree of M. They 
thus succeeded in counterfeiting an exceps degree of M. sufficient 
to cause their exemption from service, when the disabling degree 
was determined by the use of concave glasses of certain degrees of 
strength. 

Association of Myopia with Strabismus. — M. is not unfrequently 
found to be associated with strabismus. The squint is occasionally, 
but rarely, convergent, in cases where the internal recti muscles 
have become disproportionately developed from constant use owing 
to the approximation of objects for distinct vision, and so do not 
admit of being relaxed in proportion to the external muscles. It 
is much more frequently divergent. This prevalence of divergent 
squint with high degrees of M. is usually thus explained. As the 
Mc. condition leads the patient to bring small objects near to the 
face to be seen clearly, strong convergence of the visual axes is also 
necessary in order to ensure binocular vision ; and thus a strain is 
thrown upon the internal recti muscles, which they are unable to 
maintain beyond a limited period of time. Moreover, when the 
degree of M. is so high that the distant point of distinct vision is 
only a few inches off in front of the eyes, no accommodatory 
exertion is required as there would be at a similar distance in the 
case of an Emc. person. But at so near a distance a person can- 
not avoid exercising instinctively some amount of Ace. in association 
with the convergence of the visual lines, and the result is that the 
refractive state of the eye is added to, and the distant point of 
distinct vision brought t»till nearer. The M. is, as it were, for the 
time increased in degree. A greater strain is thrown upon the 
muscles of convergence, and the desire is naturally created to relieve 
this strain, and at the same time to get clearer images of objects 
farther off than the short myopic distant point. Should an increase 
in the length of the antero-posterior axis of the eye gradually 
result, increased M. will be associated with it ; and the difficulties 
of the internal recti muscles in effecting the necessary movements 
of the eyeballs, and maintaining convergence, will be still further 
augmented. Under these several circumstances the ocular ad- 
ductors get so over-fatigued that they cease to act in true concert, 
and confused, or double vision is liable to result. When this 
happens, one eye, probably the stronger and more acute, will be 
directed to the object in view, while the other eye at the same time 
will deviate a little outwards; a less central, and therefore less 
sensitive portion, of the retina of the deviated eye will then be 
brought in line with the object, and thus the mental recognition 
of its image will be avoided with more ease. Or the eye not in use 
may deviate still further outwards, and receive only the r.iys 
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coming from distant objects, when, from the myopic state of the 
organ, very diffuse and easily disregarded images will result, and 
so again visual confusion will be prevented, while, at the same 
time, the aching from asthenopia and the uneasiness connected 
with the stretching of the posterior tunics of the globe under ex- 
cessive convergence will be averted. Under both these conditions 
vision will become practically monocular, not binocular. The 
strabismus may be temporary in its nature, occurring only when 
near objects are fixedly regarded, or it may be rendered permanent 
by repetition of the circumstances just explained, and continue also 
when distant objects are looked at. 

Diagnosis of Myopia. — This may be established subjectively : 
(1) by external signs, (2) by types, (3) by lenses, (4) by + 4 D spec- 
tacles, (5) by correction, and (6) objectively by the ophthalmoscope. 

1. External Signs. — The myopic eye usually presents some 
peculiar characters indicative of its condition. It is prominent, or 
even appears to protrude ; the pupil is usually contracted, and the 
constant nipping together of the lids produces a noticeable appear- 
ance of the partq immediately surrounding the eye. The existence 
of divergent strabismus, whether observable only when the eyes 
are directed to very close objects, or constant, as already explained, 
may be a further diagnostic sign of myopia. 

2. Bif Types. — ^The Mc. eye, if no other defect exist and theM. 
be moderate, not above 1'50 D, will be able to read No. 1 and also 
No. 2 of Snellen's types at the proper distances, but will not be 
able to read the larger types at the distances indicated by the 
figures placed above them. If the degree of M. be higher than 
3 D, then No. 1 of Sn. will not be read at quite the distance of one 
foot. The farthest distance at which the smaller types can be 
distinctly read will indicate the probable degree of the M. 

3. IJjf Lenses. — This method, sometimes referred to as Bonders' 
method, is very simple when a complete trial case of lenses is 
available for use. The subject being in position before Sn. types 
No. XX., or D =6, a weak -f, and then a weak — lens is placed 
before the eye to be examined, the other being shaded. Should 
the -f lens be found to make V. worse, while the — lens improves 
v., this result establishes the diagnosis. If the latter be a — ID 
lens, lenses of gradually increasing power are applied, until normal 
V. or a near approach to it is attained. The weakest of the series 
of lenses which gives clear vision of the distant types changes the 
eye into the same condition as an Emc. eye, and gives the measure 
of the degree of M. 

4. Bij the + 4 D Spedodes. — When the + 4 D spectacles are 
worn, as before described, one eye being covered, and small type 
is placed before the uncovered eye at a distance of 10 inches from 
the lens, it is found that the type cannot be read, but on bringing 
the type nearer to the lens it becomes legible. . The farthest point 

F 
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of distinct vision of the Mc. eye, with the + 4 D lens before it, is, 
therefore, short of 10 inches. In examining the refractive condi- 
tions of eyes with spectacles, the patient should stand with his back 
to the light, which should so fall on the print as to illuminate it 
thoroughly. The print should be advanced gradually towards the 
lens, a rigid inch measure being held at the same time horizontally 
by the side, and the distance of the first point at which the print 
becomes clearly defined should be carefully noted. In shading the 
eye not under examination, the lids should not be closed by pres- 
sure of the fingers, but the eye should be simply covered by the 
hand. If the eye be pressed upon, some minutes must elapse before 
it will recover a suitable condition for optical examination. 

5. By Correction. — When the true degree of uncomplicated M. 
is ascertained, the proper concave lens for that degree will com- 
pletslij correct the abnormal condition, and the person under 
examination will be able to read Sn. 6m. at a distance of 20 feet. 

It must be remembered, however, that it is not always easy for 
a myopic subject to decide with precision the lens which exactly 
neutralises his M., or, in other words, the glass which suffices to 
give him distinct vision for distant objects without over-correction. 
This may arise from several causes. The glass may be stronger 
than necessary, and the myope unconsciously exert Ace. to 
neutralise the artificially produced deficiency of refraction, just as 
a hypermetropic person would do, or from the presence of a certain 
amount of amblyopia, and defective acuteness of visual observation, 
there may not be sufficient difference in the apparent distinctness 
of the objects, when two or three concave glasses of approximate 
powers are used, for the myope to be able to appre-^iate the dif- 
ference which Ideally exists. If, however, a correcting glass is 
found which enables a myope to read No. 6 m. Sn. at 6 m., or 20 
feet, while a weaker or stronger glass does not enable him to do so 
with equal facility, the myopia is probably just corrected, and not 
over-corrected. 

6. Z?// the Ophthalmoscope (see p. 1 06). 

Expression of the Degree of Myopia. — The degree of M. may be 
either expressed by the power of the concave lens whose principal 
focus is situated at the same distance from its centre as the remote 
point of distinct vision of the Mc. eye under observation, or by 
the power of the convex lens which represents the amount of the 
excess of refracting power of the eye relatively to emmetropia. 
The latter mode of expression is the more convenient in practice. 
M. = 2 D then signifies that the excess of refracting power in the 
eye equals the power of a -i- 2 D lens, and that this excess will be 
neutralised or corrected by a — 2 D lens. The distant point of 
distinct vision of the eye with myopia = 2 D will be at the same 
distance as that of the principal focus of the —2D lens, viz. at 
20 inches' distance. 
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Determination of the Degree of Myopia. — When the existence 
of M. is established, its degree may be determined by simply find- 
ing the distance of the remote point of distinct vision of the eve 
under observation, or, in other words, the farthest point at which 
small objects can be seen with perfect definition, and beyond which 
they begin to appear blurred. The distance of the remote point 
of distinct vision agrees with that of the principal focus of the lens 
which represents the degree of M. But for reasons explained 
below (see footnote) it is more convenient in military practice to 
determine it by the + 4 D spectacles. The distant point of distinct 
vision is accurately ascertained after the + 4 D lens has been 
placed before the eye at the usual distance of spectacles, viz. 
half an inch in front of the cornea. Inverting the distance so 
found, and deducting from it so inverted the power of the lens 
added to the eye, viz., -j^'^ the difference gives the degree of 
myopia. 

Example 1. — Suppose the distant point of distinct vision of the 
•myopic eye with the + 4 D or + 10'' lens before it, is found to be 
6", then M,s^j^ — ^=^\, In calculating by the metric system 
the distance of the remote point must be converted into dioptrics, 
and the dioptric power of the lens added to the eye, viz. + 4 D, must 
be subtracted from it. The difference gives the degree of M. 
Thus in the example just taken, as (\ inches is the focal distance of a 
6-66 D lens, then &66 D-4 D=2-66 D, the degree of M. 

Explanation. — The following will explain the process more 
fully. Let a;=the refracting power of the eye under examination ; 
let a=the refracting power of an emmetropic eye ; + 4 D=the power 
of the lens to which the eye has been subjected; and + 6()6 D 
=the power of the lens which would give the ascertained 
distant point of 6" if the eye were emmetropic. The excess of 
refracting power in the example given is therefore obviously equi- 
valent to the difference between a GQQ D and a 4 D lens. -This 
excess can only be in the eye itself, and its refracting power must 
evidently be reduced to a corresponding degree to bring it to a par 
with an Emc. eye. 

Therefore a; — (6-66 D— -4 'D)=:a', or a;— 2*66 B^a; or x^a 
+ 2 GO U. M., the excess of refracting power over that of an 
emmetropic eye, is =2 06 D, or is equivalent to a lens of 15 in. 
focus.* 

' ReatoMfor Adttpting tfie Method detterihed in the Text, — The use of the con 
stant + 4 D or + 10" lens for examination of ocular states of refraction is adopted 
in preference to other methods for military purposes, because it is e(iuaily appli- 
cable to the determination of Emmetropia, Myopia, and Hypermetropia, and of 
the degrees in which the two latter conditions exist; because medical officers 
cannot usually avail themselves of regular series of lenses for conducting such in- 
vestigations ; because the mode of observation can be easily and <^uickly learned ; 
the observations can be conducted within a moderate range of distance, such as 
can be obtained in any ordinary room; and further, since the trials are usually 

F 2 
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The Correcting Lens. — The exact excess of converging power 
having been determined, it is corrected by a lens of corresponding 
diverging power. In the example given a —2*66 D, or a 15'' con- 
cave lens, will be the correcting lens, because this will neutralise 
the + 2*66 D refractive power which is in excess. 

The distant point of distinct vision of the eye in this example 
when no lens is placed before it will be 15 inches off; or, in other 
words, the rays of nearest approach to parallel rays which the 
uncorrected eye is able to focus with accuracy are the rays with that 
degree of divergency which they have when they start from a point 
placed at a distance of 15 inches from the eye. A — 2*67 D lens 
held in front of the eye causes parallel rays from distant objects to 
have the same degree of divergency as the rays have which proceed 
from an illuminated object at 15 inches' diptance from the eye. 
The eye is thus rendered competent to form distinct retinal images 
of objects at infinite distances just as much as it was able to do of 
the nearer objects at 15'' without the lens. 

When the precise degree of M. has been ascertained, in correct- 
ing it a slight allowance has tiO be made for the distance at which 
the trial lens is placed from the eye ; and when both eyes together 
have lenses placed before them, another correction often becomes 
necessary in practice to compensate for the gain in refraction due 
to the amount of Ace. in activity which is associated with the con- 
vergence of the optic axes when both eyes are employed in regard- 
ing an object. Rather weaker glasses are consequently required 
under tlie circumstances named than those which the ascertained 
distant points indicate. 

Exaggeration of Myopia from Spasm. — In most cases of seem- 
ingly very high degrees of M., it is prudent to try carefully 

made on persons who have no knowledp:e of the effects of lenses, because efforts at 
decopHon, if attempted to be practised, are more readily defeated. Other 
methods of carrying out the investigation are less fully referred to in the text, as 
the main object is to render this manual as s mple as possible. 

Occasional cases will occur, when atropine has not been employed, in which 
the true degree of myopia may not be exactly found by the use of the + 10" Jens, 
because the person under trial has not been able altogelher to relax his accommo- 
dation when fixing his sight on an object within 10 inches distance ; but such in- 
stances are rare when the trial is thoroughly conducted. It is also to be taken 
into accDunt that the action of the convex lens will causae the retinal images of the 
printed letters to be enlarged, and their magnitude to vary slightly according to 
the distances at which the letters may be placed in front of the lens. The altera- 
tions in the apparent size of the letters, when the lens is kept fixed in pfsition, are 
not, however, of the same importance as they would be if the distance of tl e Uns 
were changed instead of the distance of the print, and practically the variations 
in masfnitude which occur do not influence the results to any appreciable extent. 
This is proved bv experiment and by the fact that in cases of uncomplicated 
myopia and hypermetropia the degree of myopia thus found is shown to be very 
closely the true one by the corresponding concave lens correcting the vision for 
distant objects, while the degree of manifest hypermetropia, when atropine has not 
been used, ascertained by the same means, is equally corrected by the corrcbpond- 
ing convex lena. 
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whether the M. is as high as it appears to be. Counterfeit M., a 
condition in which no true M. exists, has been already referred to. 
From causes similar to those which induce counterfeit M., the real 
condition of M. may become exaggerated in its apparent degree. 
It will be found in occasional cases that the measure of distance of 
the remote point of distinct vision is shortened by the spasmodic 
exercise of a certain amount of Ace, so that the M. is caused to 
appear higher in degree than it really is. Some myopes read with 
the print nearer to the eyes than their M. renders necessary. It 
may be owing to faulty posture, to a habit of reading in a bad 
light, of reading b-wily printed books in small type, or to other 
causes. But under the condition named, an unnecessary amount 
of Ace. is exerted, and this accommodatory exertion is liable to 
bacome so habitual that it cannot be easily relaxed whenever the 
eyes are similarly employed. The employment of atropine will 
suflBce for the detection of the exaggeration. It prevents the exer- 
cise of Ace, and by thus removing the added refractive power will 
show, in any such case of exaggeration, that the M. is not so high 
as the tests without atropinisation made it appear to be. If, in 
such a case, the apparent, but exaggerated, amount of M. were 
fully corrected, the true amount of M. would be over-corrected ; 
and constant exercise of Ace. would be required to neutralise this 
excess of correction even for vision at the farthest distance. The 
correcting glass, owing to its power being too high, would render 
the eye in question practically hypermetropic. 

Over-correction of M.— If the use of the lenses which have been 
ordered for correcting the M. be found to be all that is desired as 
regards distant vision, but is attended with discomfort, and aching 
when the eyes are employed in work at a moderate distance from 
the eye, leading to the inference that the Ace is not effective for 
work at the distance indicated as would be the case if the eye were 
Emc, it should be ascertained if the M. has not been over-corrected 
by the lenses supplied, and the eyes brought into a condition of H., 
as described in the previous paragraph. The eyes should be again 
tested after they have been subjected to the influence of atropine. 
If there be no over-correction, but the concave lenses ordered are 
found to be only equivalent to the excess of refraction, or, in other 
words, to the degree of M. which they have been calculated to 
neutralise, it becomes evident that the Ace. from some cause or 
other is alone at fault, and cannot be exerted to the extent neces- 
stiry for obtaining clear vision of near objects when lenses fully 
correcting the M. are placed before the eyes. It is best under such 
circumstances to prescribe two sets of glasses — one set for fully 
correcting the M., but only t.o be employed for distant vision, a 
second set for use at a relatively near distance. The distance for 
which the second set should be calculated may vary according to 
the nature and position of the work to be done with their aid — for 
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Bucli work a3 reading, for seeing notes of music, or for some me- 
chanical occupation. But under no circumstances should the glasses 
l)e calculated for a distance very close to the eyes, or with their use 
all the discomfort and diflSculties attending undue convergence and 
strain of Ace. will still have to be encountered. A reading distance 
of ten inches or a foot from the eyes should at least be provided for. 
This is especially necessary when the degree of M. is so great as to 
place the distant point of distinct vision very near to the eyes. It 
is impDrtant to remove this point further off and so prevent the 
fatigue and nerve irritation entailed by accommodatory strain and 
excessive convergence. 

There is another reason why glasses for full correction should 
not be wor.i at near work in high degrees of M. The higher 
degrees of M. are generally associated with some amount of Am- 
blyopia, and as the retinal images are considerably lessened in size 
by concave glasses of high power, this diminution, together with 
the co-existing amblyopia, impel the myope to bring the objects still 
nearer to the eyes. An additional strain is thus caused on the 
relations between the Ace. and convergence, asthenopia results, 
and if posterior staphyloma exists a tendency to its increase is pro- 
moted. The calculation must be made by lessening the dispersive 
power of the lens required for full correction to the extent of the 
power of the lens representing the Ace. that must be exerted to 
give distinct vision at the distance to which the lens is to be 
adapted. Thus if a concave lens of — 4 D will correct vision 
for parallel rays, a lens of —4 D +.2-75 D (2*75 dioptrics being 
nearly the equivalent of 15 inches), or a lens of —1-25 dioptrics, 
or of 32-inch focal length, will suflBce to correct vision for a distance 
of 15 inches. 

It is sometimes said that in M. of a pronounced degree, the 
ciliary muscle becomes wasted from disuse, and Ace. cannot be 
exerted. But this is not so in most ordinary cases of M. of high 
degree, for when the range of Ace. is tested, it is generally found 
to agree with the range proper for the age. Yet in such cases, if 
the M. be fully corrected, the exertion of continued exercise of V. 
at relatively near distances while the glasses are before the eyes 
will be attended with difficulty, and will be followed by ocular ach- 
ing and weariness. In these cases no solid foundation exists for 
attributing the symptoms to atrophy of the ciliary muscle; the 
difficulty seems to aiise from the fact that during the period no 
relief was afforded to the myopic condition, the Ace. was associated 
with strong convergence, the range over which the Ace. was 
exerted was a very limited one near the eyes, and thus, from 
acquired habit and adaptation, it is hard to exercise the Ace. over 
a range that is more distant. If the M. be =4 D, and this be 
wholly corrected, it might be anticipated the eye would be placed 
in the same condition as an emmetropic eye, and the Ace. be set 
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free to exert itself from within infinite distance to the natural near 
point for the age, without inconvenience, but practical experience 
shows it is not so. Under such circumstances it is better to fix 
the distance at which work is to be done, and to correct the excess 
of refraction sufficiently for obtaining clear images of objects at 
that distance. The patient with M. = 4 D wishes to read music at 
a distance of 20 inches, then 4D — 2D = 2D will represent the excess 
of refractive power which will have to be neutralised, and a — 2 D 
lens will accomplish the object. The person will then be in the 
condition of M. = 2 D, instead of M.=4 D, and the distant point of 
distinct V. will be at 20 inches. If the individual be 20 years of 
age, with 10 D of Ace, a range of clear V. will be afforded from R 
at 20 inches' distance to P. at about 3^ inches from the eyes, and 
the transference of the range of Ace, which, before partial correc- 
tion of the M., was from nearly 3 inches to 10 inches from the eye, to 
the range from 3^ inches to 20 inches will be accomplished without 
any trouble. Moreover the notes and letters will appear more nearly 
of their natural size with the 2 D glasses than they would if con^ 
cave glasses of 4 D were worn, and this adds to the ease of seeing 
at the distance calculated for. If the person carries folding glasses 
of —2 D, when he looks through them doubled together he will be 
able to see clearly the most distant objects exposed to view with a 
single eye, or if he places them in front of the —2D spectacles 
distant objects will be rendered equally clear to both eyes. 

Extension of Keading Distance in High Degrees of Myopia. — In 
like manner in a case where the M. is very high in degree, as 10 D 
for instance, when it would be important to remove the reading or 
working point of distinct vision from a distance so near to the eye 
as 4 inches to some given distance farther off, the same proL-eeding 
may be followed as in the last example given. 

Supposing it be desired to remove it to a distance of 12 inches. 
Then the M. being = 10 D, and the distant point of distinct vision 
of the eye 4 inches, — 10 D would correct the eye for parallel rays 
or distant vision, and (—10 D + 333 D), or —6-66 D, would suffice 
to remove the distant point of distinct vision to a distance of 12 
inches from the eye. 

Tests in Military Practice for High Degrees of Myopia. — Before 
concluding the remarks on myopia it may be well to refer to the 
plan of establishing the presence of high degrees of myopia by 
means of concave lenses. It has already been mentioned that 
formerly the army optical and ophthalmoscopic case included 
spectacles fitted with —6'' lenses for this purpose. They were 
originally introduced for the ready detection of degrees of M. = -y^Y, 
3-33 D, and upwards. They had been used in the Austrian Army 
at the suggestion of Stellwag von Carion for determining, when 
high degrees of M. were urged by conscripts as a plea for exemp- 
tion from military service, whether such degrees of M. did really 
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exist, or otherwise ; tlie degree of M. being deduced from the Tiear 
point at which small print could be read when the — C lenses were 
worn. The rule laid down was that if a man, when wearing -- C 
spectacles could read small print (No. 2 Jager) at or within 6" dis- 
tance from the eye, he was obviously so myopic as to be unfit for 
military service, for he would be myopic ^ or upwards. Although 
the conditions of military recruiting differ greatly in foreign armies 
from the conditions in the British army — M. in an exaggerated 
degree being one of the defects most frequently alleged as a cause 
for exemption from service, while, on the other hand, what British 
surgeons have usually to guard against is its attempted conceal- 
ment or depreciation in degree where M. exists — still, if the results 
of so simple a rule were to be relied upon, its application would be 
capable of being turned to advantageous account in the British, no 
less than in continental armies, though employed for different 
ends. 

A myopic eye of jV, + 3-33 D, is converted into the condition 
of a hypermetropic eye of -j^", or — 333 D, by — C, or— 6*66 D, 
lenses being placed before it. A lens of —3-33 D would suffice to 
neutralise the M. ; a lens, therefore, of 6*66 D will not only neu- 
tralise it, but will leave a refractive deficiencv of 3*33 D. At the 
age of the recruit, 18 to 25, the power of accommodation is about 
= ^ or 10 D. Of this, 3*33 D would be required to neutralise the 
artificially produced H= — 3 33 D, and there w^ould remain dyna- 
mic refraction = 6 GO D, and this when fully exercised would bring 
the near point of distinct V. to a distance of 6'' from the eye. 
Eyes with higher degrees of M. than -^ will be able to obtain still 
nearer points when the — 6'' lens is before them. If the amount 
of M. were equal to 6*66 D, the —6"' spectacles would just 
neutralise the M., and with the full exercise of Ace. = 10 D, the 
near point of distinct V. would be brought to 4 inches' distance 
from the eye. Theoretically, therefore, the test of reading within 
6" with a dispersing lens of —^^' power should prove the existence 
of M.=-j^ or above, and would exclude M. less than -j^, or 3*33 
D. But, practically, myopes with M. no higher than 2-75 D, or 
2 50 D, by practice in the exercise of Ace. can read within 6" with 
tbe —6'' lens, and their employment for deciding the presence of 
such high degrees of M. as 3*33 D or upwards, not being found 
reliable, was abandoned. It was proved in one instance in Belgium 
that instruction in the means of fraudulently escaping conscrip- 
tion by practice in the use of concave lenses of the official limit, 
or, in other words, in developing dynamic Ace, was systematically 
given as a matter of trade. 

The rule in the Austrian Military Medical Service, by the more 
recent recruiting regulations of 1883, as regards the disqualification 
of M. for engagement in the army, is the following. A myopic 
recruit, with a far point of 12 inches or less, if he is able to read 



Digitized by 



Google 



CuiP. II HYPERMETROPIA 73 

printed letters, or to recognise other characters, of ^rd of a Vienna 
line in height and corresponding breadth at any distance from the 
eye with concave 4-inch spectacles, is to be rejected as totally un- 
fit for military service without any further examination. The —4", 
or — 10 D, spectacles are to be close to the eye, care is to be taken 
that the recruit really looks through them, not under them, and a 
good light is to fall upon the print. 

The conditions described afford a proof that the degree of M. of 
the person under observation is not less than -j^, or 3*33 D, though 
it may be higher. Supposing the M =3*33 D, there would be Ace. 
at the age of the conscript about 10 D, so that the excess of refrac- 
tion above Emmetropia and the dynamic refraction of Ace. together 
would be equal to 13*33 D. He could obtain a near point for read- 
ing at 3 inches' distance from the eye without the glass. If then 
a — 10 D lens be applied to the eye, the Ace. will be neutralised, and 
there will remain + 3* 33 D, or M. = 333 D, or y^ . Suppose the far 
point distance of distinct vision without a glass appeared to be 6 
inches from the eye, or, in other words, the M. was alleged to be ^, or 
6-G6 D. The mode of proceeding if practised would equally afford 
a decided proof of its truth if the statement were correct. For a 
M. = 6 66 D with Acc. = 10 D would together amount to 16*66 D, 
and 16*66 D— 10 D would leave an excess of refraction, or M. =^, or 
6*66 D. The concave 4-inch lens neutralises the Ace, and leaves 
the myopic excess of refraction to act alone. If the eye had been an 
Emc. eye, and had assumed a distant point of 12 inches, employing 
for the purpose a portion of its normal Ace, it could no longer 
read at the distance named with a —4", or — 10 D, lens ; the eye 
being Emc, and its full amount of Ace. neutralised by the lens, it 
would only be capable of adjusting parallel rays and seeing distant 
objects of suitable dimensions. 

It is stated in the Austrian Military Instructions for the surgical 
examination of conscripts (1883) that * Many years' experience and 
very numerous trials have proved that a myope can only satisfy 
this test if his myopia is above -j^'^, which is laid down as the limit 
of fitness for military service.' 

Influence of Myopia on Military Service.— For an account of the 
practical effects of different degrees of M. in respect to the require- 
ments of military service, see Chapter IX. The regulations under 
which the faulty vision resulting from M. is ordered to cause the 
rejection of men seeking enlistment as recruits are also given in the 
same chapter. 

Hypermetropia. 

Definition. — Over-measure as regards the distance of the principal 
focus of the dioptric media of the eye in relation to the measure of 
the optic axis. — The refractive power of the eye, when in a state of 
repose as regards accommodation, is below what is necessary for 
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forming clear images of objects upon its retina. Parallel rays 
from distant objects are not brought to a focus by the time they 
reach the retina, but would unite in a focus, if they were not 
stopped in their course, at a point beyond the retina ; or, in other 
words, the retina is in advance of the principal focus of the eye. 
Only rays reaching tlie eye as convergent rays can be focussed on 
the retina (see fig. 47). 

Optioal Conditions. — In H. the antero-posterior diameter of the 
eye is, as a rule, disproportionately short, and hence its deficiency 
of refractive power. Similar optical effects would result from the 
refracting qualities of the dioptric media being too low in relation 
to the length of the antero-posterior diameter, but the short diameter 
is the condition usually met with. 

Causes. — H. is often congenital. It is not un frequently due to 
hereditary conformation of the eye, and, like myopia, is often found 
to exist in several members of the same family. While the myope's 
eye is usually a full and prominent eye, the eye of the hypermetrope 
is commonly a shallow and flat eye. In cases where the hyper- 
metropic state is found to be excessive, the eye appears as if it 
had been stunted in growth : it is diminutive in form and short in 
all its dimensions. 

Similar optical conditions to those which characterise H. may 
be induced by any circumstances that lead to flattening of the 
globe of the eye, or of one or more of its component structures ; 
as removal of the crystalline lens by displacement or by operation ; 
or sinking of the cornea from any cause. It sometimes shows 
itself as age advances, becoming noticeable after the patient has 
arrived at full manhood, without any apparent cause beyond the 
natural changes due to increased years. It is then associated with 
2yrefihifopia. This form of H. has been designated by Bonders 
acquired H., to distinguish it from original H., due to early ocular 
conformation. CSee remarks under Emmetropia, p. 59.) 

Farthest Point of Vision. — This is sometimes spoken of as 
negative^ because the hypermetropic eye has no objective distant 
point of distinct vision; Only convergent rays can be brought to 
a focus on the retina, and such rays do not proceed from any 
natural objects — they can only be produced artificially, as by a con- 
verging lens. The He. eye has only a virtual distant point, and 
this is situated at the distance of the focal point to which parallel rays 
would be produced aft;er traversing the dioptric media if they could 
pass beyond the retina. In order that parallel rays may be focussed 
on the retina itself of the He. eye, they must be first altered in 
direction ; they must have such a convergence given to them 
before entering the eye as would cause them, supposing their course 
to be unaltered in direction by the action of any refracting media, 
to meet at the distance of the focus above named. The convex 
lens that would give this amount of convergency to the parallel 
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rays proceeding from objects at infinite distance, makes up for, and 
will serve to represent, the deficient converging power in the eye 
itself, or, in other words, the amount or de(ji'ee of hypermetrojna. 
Hence the remote point of distinct vision of the hypermetropic eye 
has sometimes been described as being at a distance beyond infinifii 
equal to the value of the negative lens representing the deficient 
convergent power which the addition of the positive lens supplies. 
This of course is a mere optical expression, but its employment is 
convenient when it is desired to signify the different positions of 
the remote points in different degrees of H. 

Thus, if a + 2 D lens supplies the necessary amount of converg- 
ing direction to parallel rays that will enable them, in addition to 
the refracting power of the eye itself, to be brought to a focus on 
the retina of the hypermetropic eye, the remote point of vision of 
this eye may be stated to be — 2 D beyond infinity. 

Hearest Point of Tiuon. — This varies in position according to 
the degree of H., but is always farther off from the eye than it is 
in emmetropic persons at corresponding ages of life. 

Symptoms. — When a person affected with well-pronounced H. 
looks intently for a short time at small objects, as in reading and 
writing, the letters become blurred and seem to run into each 
other. The vision of distant objects is more limited in range than 
normal, though the patient himself often fancies he can see well at 
a distance. The hypermetropic marksman, although he only uses 
one eye in aiming, cannot adjust vision for distant objects, as 
in trying to hit the bull's-eye of the target at long-range rifle 
practice, without an amount of accommodatory or muscular strain 
proportionate to the degree of H. Still less can he do so for near 
objects, such for example as the * back and fine sights ' of the rifle. 
As part of the natural amount of accommodation possessed by the 
hypennetrope has to be employed for getting a less indistinct view 
of the distant buUVeye, a less amount remains for use in the efibrt 
to rapidly adapt vision to the distance at which the nearer objects 
are placed. When both eyes are habitually employed in looking 
at near objects, especially such as call for close and accurate obser- 
vation, a sense of ocular weakness results, and fatigue and aching 
are quickly produced ; the patient sufiers from symptoms o^ asthen- 
opia (see Asthenopia). This ocular strain is rendered exces- 
sive, and the results of it are much more severe and occur more 
speedily, when a He. soldier is not only engaged in occupations 
requiring intent and anxious observation, but when his eyes at the 
same time are irritated by subjection to the heat and dazzling glare 
of a tropical sun. Examples of this occun-ed among He. men 
engaged on active service in Egypt and Burmah. The symptoms 
of asthenopia are the more marked in proportion as the degree of 
H. is greater, when much anisometria exists, and are especially so 
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if the general health becomes deranged and the subject becomes 
debilitated in consequence. 

AcBociation of H. with Strabismns.— H. is not unfrequently 
associated with convergent strabismus, and this circumstance seems 
to arise in the following way. The hypermetropic eye being only 
able to bring convergent rays to a focus on the retina without the 
exercise of accommodation, and no such rays existing naturally, the 
accommodatory apparatus is subjected to a constant exertion, in 
ordLT to obtain more convexity of the crystalline lens, and thus to 
make up for the hypermetropic deficiency, and to lessen the diffu- 
sion and indistinctness of the retinal images of external objects, 
even the most distant. This exertion is increased in proportion as 
the rays entering the eye are rendered more divergent by objects 
being brought close to the face, as occurs in reading, and the strain 
is of course all the greater when the work at near objects is pro- 
longed and frequently repeated. Hence the frequent appearance 
of strabismus in hypermetropic children at the ages when they 
begin to learn to read and write. The hypermetropic child, gene- 
rally a child of early age, unconsciously tries to' lessen the excess 
of strain on the ciliary muscle by contracting the internal recti 
muscles in order to obtain the advantage of the increased accom- 
modation for near objects which is derived from the association of 
the accommodatory effort with convergence of the optic axes. The 
normal balance of power between the internal and external straight 
muscles, and, consequently, the evenness of their concerted influence 
over the position of the eye to which they respectively belong 
disappears ; the internal straight muscles from constant exertion 
either become more developed and stronger, or, from their habi- 
tual state of contraction, lose some of their subjectiveness to 
extension ; and a state of constant convergence results, even when 
the eyes are at rest. Under these conditions such co-ordination of 
the accommodation and direction of the visual lines as would be 
necessary for clear binocular vision of objects relatively distant 
ceases to be attainable, and parallelism of the visual lines for 
objects at infinite distance becomes impossible. With the inter- 
section point of the visual lines under this convergence near to the 
eyes the images of objects farther off will not fall upon correspond- 
ing points of the two retinae, and the inconvenience and confusion 
of double vision will result. Under these difficulties the young 
hypermetrope finds it less irksome to get a comparatively clear and 
easily obtained monocular image than to make repeated efforts to 
get binocular vision which is attended with so much trouble. 
One eye is turned further inwards by its internal rectus muscle, at 
the same time that the other eye is turned sufficiently outwards by 
its external rectus muscle to bring the image of a more distant 
object on its macula lutea by which a distinct view of it is obtained ; 
a decided squint results : and the image of the object in the con- 
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verged or deviating eye falling upon a less sensitive part of the 
retina, is ignored mentally, or, in other words, ceases to exist so 
far as the sensorial part of the act of seeing is concerned. For a 
time monocular vision is carried on equally by each eye in turn 
according as the position of an object to the right or left of the 
face may dictate, but at last vision devolves principally on one eye 
while the other is almost constantly turned inwards. This change 
takes place more readily when one eye is naturally weaker than the 
other in respect to retinal power, or has a higher degree of H. than 
the other eye. These abnormal relations of the recti muscles at last 
become constant, and a fixed convergent strabismus is established. 
When strabismus has thus been acquired, its tendency to become 
permanent is increased by the fact that the deviating eye gradually 
becomes retinally still weaker, and loses sensibility from disuse. 
It is for the purpose of neutralising the ill effects of continued 
strain upon the accommodatory apparatus in the efforts to obtain 
accurate vision of near objects, that convex glasses are recommended 
to be constantly worn for the treatment of H. ; and it is by these 
glasses neutralising the H. that the strabismus so often induced by it 
may be prevented when it is properly treated on being first noticed. 
Manifest and Latent Hypermetropia. — As the Hypermetropic 
eye is not able even to bring rays from distant objects to a focus 
on the retina by its unaided refractive power, it supplements it by 
using some of its accommodatory power in order to obtain clear 
retinal images of the objects looked at. Still more powerfully has 
it to exert its accommodation in order to see near objects clearly. 
Thus the ciliary muscle is kept in a constant condition of 
exercise and tension. This habitual association of the act of 
accommodation with the act of vision at all distances leads to the 
loss of voluntary power of completely separating one from the 
other. In early life when all the structures of the eye are very 
tractable, and there is plenty of Ace. to be spared, the whole of the 
H. may be concealed by the Ace. supplied, but as years advance, 
and there is less Ace. available, and a continual struggle to use as 
much as possible of this Ace. in association with convergence for 
obtaining distinct vision at a nearer distance, the H. becomes deprived 
of a portion of the help it had previously derived from the Ace, and 
the H. becomes more and more manifest. At last late in life, there 
is no Ace. to be lent to it, and then the total amount of H. is rendered 
manifest. But until this period arrives the full amount of H. is 
not shown unless all power of accommodation is artificially removed. 
This can be done by producing complete ciliarj^ paralysis through 
the agency of atropi*. The power of Ace. being thus removed, 
that p rtion of the deficiency of refractive power which was sup- 
planted, and so concealed by its agency, is brought under observa- 
tion. Hypermetropia, therefore, of ordinary degrees usually 
consists of a certain amount of deficiency of refractive power 
which may be rendered apparent while Ace. is exerted ; and of 
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another amount which, naturally concealed by Ace, becomes appa- 
rent only when Ace. is artificially prevented or has disappeared from 
age. The former deficiency is known as Hm., manifest hj/per- 
metropia ; the latter as HI., latent hf/permetropia. Obviously H., or 
the total amount of refractive deficiency, is composed of Hm.-f HI. 
If the degree of H. be moderate, or the hypermetrope be very 
young, it may be entirely latent — that is, only apf arant after para- 
lysis of accommodation. H. may therefore sometimes exist with- 
out attracting attention or being at once readily diagnosed. 
Usually, however, though slight in degree, and not noticeable at 
first, it becomes so increased by fatigue, especially as age advances 
from continued occupation at near objects, or by muscular weakness 
when the general health is impaired, that the symptoms of H. 
become apparent, and the diagnosis of it is rendered sufficiently 
easy. 

Subdivisions of Hypermetropia. — A further division of H. has 
been made by Professor Bonders into (1) absolute H., in which the 
rays from distant objects are not able to be focussed on the retina, 
but their focus still lies behind it, even with the aid of full power 
of Ace. and the strongest convergence of the optic axes ; relative 
H., in which the rays from distant objects can be brought to a 
focus on the retina by the exercise of Ace. and convergence of the 
optic axes combined ; (3) facultative H., in which the rays from 
distant objects can be brought to a focus on the retina with parallel 
optic axes, either with or without convex glasses. 

Dia^osis of H. may be efifected subjectively by the following 
modes of observation : namely, (1) by external signs, (2) by test- 
types, (3) by lenses, (4) by + 4 D spectacles, (5) by correction, 
and (6) objectively by the ophthalmoscope. 

1 . By Exto-nal Sig)is. — The eye, as before mentioned, frequently 
has a general flat appearance and seems smaller than normal, as if it 
had been stunted in its growth, so that, in consequence, the space 
beneath and between the eyelids is not filled out, as it is in a fully 
grown eye. Sometimes the iris may be observed to reach nearer 
to the cornea than usual, owing to want of depth in the anterior 
chamber of the eye, while the pupil is inactive and relatively small. 
An abnormal hoUowness of the space between the eyeball and 
outer canthus may also be f?enerally noticed on drawing the 
orbicular coverings aside. The appearances just described are, 
however, occasionally absent, or only very slightly indicated in eyes 
aflfected with He. vision. 

2. Bij Types, — If the H. exist in high degree, Snellen's types 
cannot be read by the subject of it clearly at their regular dis- 
tances without the aid of lenses ; but if it h^ moderate, the larger 
and more distant t}q>e may be read for a time, but with more or 
less difficulty. This is especially the case with young He. per- 
sons who haVe an abundance of accommodatory power, and who 
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can exercise a portion of it with comparative ease in order to 
bring the parallel rays from distant objects to a focus on the retina. 
Such young persons may be able to read Sn. No. 6m. type at a 
distance of twenty feet without diflBculty, but, on placing weak 
convex lenses before their eyes, the type will be seen with equal 
clearness. The power of the + lenses which can be thus employed 
without lessening the distinctness of view of the types at the 
distance named will vary in proportion to the amount of Hm. of 
the person under examination. With older persons, when the 
types and the distance named above them are maintained, the eye 
soon becomes fatigued and the letters indistinct. In trying to 
read, a tendency for the optic axes to converge may sometimes be 
noticed, and the patient will often be observed to squeeze the eye- 
lids together for the purpose of contracting the interpalpebral 
fissure. The association of the internal recti muscles, with the 
exercise of accommodation, explains the occasional converging aspect 
of the eyes in the efforts at reading. The reason why the larger 
and more distant types are perceived with less difiiculty than the 
smaller and nearer type, is simply due to the fact that the accommo- 
datorj' strain is increased in proportion to the proximity of objects, 
owing to the rays that enter the eye from near objects being more 
divergent in proportion to their nearness; and the difficulty is 
greater in proportion as age is greater, because the power of 
Ace. diminishes as years advance. 

When types of smaller sizes are used, the He. person, if he be 
of the ordinary age of a recruit or soldier, will be generally 
observed to carry them nearer to his eye than the regulated dis- 
tances in trying to read them. He will be able to distinguish 
them better when close to his eye than at a distance away from it. 
The patient does so because, with the greater convergence of the 
optic axes when the object is close, he is better able to exert his 
accommodatory power to assist in counteracting the difficulties of 
reading, which are due to his hypermetropic condition of vision ; 
and, in addition, because the retinal images of the letters are in- 
creased in size, and therefore more readily perceptible, while the 
circles of dispersion are not enlarged in a corresponding proportion, 
owing to the pupillary aperture becoming smaller on the near 
approach of the letters to the eyes. 

From this circumstance, in diagnosing by types, H., when ex- 
cessive, may be mistaken for M. combined with amblyopia. 
Distant objects are seen indistinctly — type of moderate size has to 
be held close to the eye to be read — and very small type cannot be 
read at all, as happens in M. complicated with Ambl. The 
diagnosis may be established by the fact that in H. distant objects 
are seen more distinctly, and the moderately sized types can be read 
further off, with the aid of convex glasses, while the same glasses 
would produce exactly opposite results in M. But even without 
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+ lenses the diagnosis may be established, for it may be observed 
that in H. the larger Sn. types may be read quite as well, if not 
better, as regards relative distance, than the smaller types, which 
would not be the case with M. 

3. Bif Lenses. — This, or the Bonders, method of diagnosis is 
carried out in the same way as explained in the diagnosis of M. 
In the case of H. the —lens is found to make V. worse, while the 
weak + lens either makes V. clearer, or sensibly relieves it of a 
certain amount of strain, while V. remains as clear as before the 
application of the glass. Convex lenses of gradually increasing 
power are then applied, and the strongest glass that can be borne 
at the same time that the types are seen clearly at the normal 
distance gives the measure of the degree of H. 

4. Bi/ the +4 D Spectacles. — When the convex 10" lenses are 
worn, the He. eye is able to read type of moderate size at a distance 
beyond 10'' from the eye without the use of atropine. The dis- 
tance at which the type can be read will be increased when the 
power of Ace. has been previously taken away by paralysing the 
ciliary muscle with atropine. 

5. Bfj Correction. — When the true degree of H. is ascertained, 
if no complication exist, the proper convex lens for that degree 
will completely correct the abnormal condition. It supplies the 
refractive power, which is missing in the eye itself, and produces 
the same effect as if the deficiency did not exist. 

6. Bj/ the Oj)hthalmoscope (see p. 107). 

Expression of the Degree of H. — The degree of H. may be either 
expressed by the power of the convex lens which would so act upon 
parallel rays as to give them the amount of convergence that 
would CAuse them to meet at a similar distance to that of the vir- 
tual remote point of the hypermetropic eye, for rays having such a 
convergent direction when entering the eye would be caused to 
meet upon the retina ; or it may be expressed by the power of the 
concave lens which represents the amount of deficiency in refract- 
ing power of the eye re'atively to emmetropia. The latter mode is 
the most convenient and simple. The H. will then be expressed 
by the amount of the defect, and not by that of the lens which 
corrects it. H.= 2 D then signifies that the deficiency of refract- 
ing power in the eye is equivalent to and represented by a — 2 D 
lens, and that this deficiency will be neutralised or corrected by a 
+ 2 1) lens. 

To determine H. or the Degree of Hypermetropia ; or, in other 
words, to ascertain the total deficiency of refracting power as 
compared with emmetropia, by means of the -f 10''' or + 4 D 
spectacles. 

Having thoroughly paralysed the power of accommodation by 
the use of a strong solution of atropia, and noted the distant point 
of distinct vision of each hypermetropic eye, examined singly, with 
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the H- 4 D or + 10'' lens before it, deduct from the power of this 
lens the inverted value of the distant point, and the difference will 
give the degree of H. in the eye examined. 

Example. — Suppose the distance point is found to be 1 5", then 

H. = tV — tV = ^• 

Explanation. — Let x = the refracting power of the eye under 
examination ; let a = the refracting power of an emmetropic eye ; 
■^ = the power of the lens to which the eye has been subjected ; 
and -^ = the power of the lens which would give the ascertained 
distant point of 15" if the eye were emmetropic. The deficiency 
of the refracting power in the example given is therefore equiva- 
lent to the difference between a ^ and a ^^ lens. This deficiency 
can only be in the eye itself, and its refracting power must obvi- 
ously be increased to a corresponding degree to bring it to a par 
with an emmetropic eye. 

Therefore a? + (tV "" iV) = « 5 or ic + ^ = a ; or a; = a — ^. 
H., the total deficiency of refracting power, is = ^. 

Or, converting the distances measured by inches into dioptrics, 
as explained in calculating the degree of myopia, there result : 
2G6 D — 4 D = — 1*34 D, the amount of deficiency of refractive 
power, or degree of H. 

If the distant point of distinct vision with the + 4 D lens be 
infinite, then H. = ^ — ^, or = -j^ or — 4 D. 

If H. be suspected to be in excess of this amount, a stronger 
lens than a + 4 D lens will be necessary to ascertain its degree by 
this method. The + 2" lens employed with the ophthalmoscope 
is generally available to army medical officers for the purpose. If 
H. = ^, the distance point of distinct vision with the + 2" lens will 
be at 3'' for H. = i — | = ^. This will probably be the highest 
degree of H. to be met with, unless the lens be absent either from 
accident or operation (aphakia). But it is absolutely necessary 
that only one eye be examined at a time, and that it should be 
atropinised, for the spasm of the ciliary muscle associated with the 
convergence required for so short a range would otherwise prevent 
a proper diagnosis being arrived at. 

If it be only required to determine Hm., or the degree of mani* 
fest hypermetropia, in all modeiate cases the same modus operandi 
as above described may be followed, and the previous use of atropia 
may be dispensed with. But each eye should still be examined 
singly. 

To find the Correcting Lens. — The total deficiency of refractive 
power having been determined, it may be corrected by a lens 
supplying the amount of converging power which is deficient, 
providing no accommodatory power is exerted at the same time. 
In the first example given, a + ^ or approximately a + 1*25 D lens 
will be the correcting lens, because it will supply the refractive 
power which has been proved to be absent. 
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The absence of this amount of refractive power was shown in 
the experiment already above explained. The action of the lens will 
be such that when the patient looks at distant objects, the parallel 
rays proceeding from them, in passing through the lens, will be 
caused to assume a converging direction before they fall on the eye ; 
and the angle of convergence given to the rays by the action of the 
correcting lens will exactly correspond with that degree of con- 
vergence which is wanting owing to the hypermetropic formation 
of the eye itself. The parallel rays from distant objects will thus 
become focussed on the retina, and clear vision obtained without 
exercise of accommodation. 

This is the general principle on which" correction of H. is 
effected ; but in practice several modifying circumstances have to 
be specially considered. The hypermetrope, when he is not under 
the influence of atropia, cannot fully give up the Ace, which 
he has been accustomed to use constantly as a substitute for the 
deficient refractive quality of his eyes. Even when convex glasses 
are placed before his eyes, exercise of part of the Ace. to which 
they have been accustomed is still continued. If, therefore, while 
this amount of Ace. is still active, convex glasses equivalent to a 
full extent of the H. be furnished, the eyes will be put into the 
condition of myopic eyes, with an excess of refracting power for 
rays from distant objects. The recommendation of Professor Bon- 
ders for the corretTtion of H. was that glasses should at first be 
supplied equivalent in power to the total manifest H., together 
with one-fourth of the latent H. After a certain interval, if the 
glasses be constantly employed, the efforts of Ace. will become par- 
tially relaxed, but in the course of time the use of the remaining 
Ace. will probably again induce symptoms of asthenopia. The 
glasses at first given can then be strengthened to the amount of 
another instalment according to circumstances of the HI., and, 
should the symptoms return after a further period of time has 
elapsed, the glasses may then be strengthened to the full amount 
of the H. The final adjustment, if it be satisfactorily borne, will 
place the subject of the H. in the same condition as an emmetropic 
person of corresponding age. The full amount of accoramodatory 
power possessed by him will be rendered available for its normal 
purposes. 

Influence of H. on Military Service.— -ITie conditions under 
which H. disqualifies for military ser\^ice in the British Army are 
explained in Chapter IX., in which the authorised modes of con- 
ducting the visual examination of recruits and soldiers are explained. 
On all occasions in which spectacles are allowed to be worn by 
soldiers, as in range practice, and at the School of Musketry, the 
use of correcting lenses by hypermetropes, even though the H. may 
be very low in degree, is of great advantage. It takes off the 
strain of the Ace. which is always present when a He. eye is try- 
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ing to see distant objects clearly without such assistance, while it 
sets free the Ace. for use at near objects, so that at target practice, 
especially when the men are young, both far and near objects, such 
as the objects painted on the target, together with the fore and 
back sights of the rifle, are all seen more plainly and with less 
visual exertion and fatigue. The indistinctness of vLsion that H. 
entails, the ocular troubles that accompany it particularly when 
the subjects of it are exposed to the glare of tropical light or are 
reduced by privation and over-fatigue such as men so often have to 
endure when they are on active service in the field, and the con- 
stant increase of visual difficulty with increasing years, all these 
render men with He. vision particularly incompetent for military 
service, especially in an army in which correcting glasses are not 
permitted to be worn. 

Astigmatism. 

Definition. — A term signifying that the rays proceeding fi-om a 
single point are not, after refraction, reunited in a single point. 
Applied to vision, it signifies a state in which there is inaccuracy 
of view from malformation and blurring of retinal images owing to 
the fact that although some of the rays proceeding from an object 
may be brought to a focus on the retina, other rays proceeding 
from the same object are not at the same time similarly focussed 
upon its retina. 

Optical ConditioiiB. — The refractive quality of the astigmatic eye 
is not alike in all its meridians, and, consequently, has no single 
focus. The eye may be Emc. in one meridian, while in another it 
is Mc. or He. ; it may be Mc. or He. in all its meridians, but the 
degrees of M. or H. may be relatively different in them ; and 
lastly, it may be Mc. in one meridian, while it is He. in the other. 
Occasionally the refractive quality will vary in one and the same 
meridian of the eye to such an extent as seriously to interfere with 
clearness of view. The term regular astigmatism is applied to that 
kind of Ast. which depends upon dissimilar curvatures of different 
meridians of the eye ; irregular astigmatism to that which depends 
on unequal curvature in one and the same meridian, or to excessive 
spherical aberration of rays. 

Causes. — Congenital asymmetry of the anterior segment of the 
ocular globe, or of the cornea, of such a kind as to cause a greater 
curvature of one meridian compared with that of the intersecting 
meridian. The absence of perfect sphericity is sometimes recog- 
nisable on observing the cornf»a by lateral illumination. An abnor- 
mal position or unequal curvature or other structural peculiarity of 
the crystalline lens has been said also to be a cause of astigmatic 
vision. 

Normal Astigmatism.- -All eyes have ordinarily a higher degree 
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of curvature in a vertical direction, and therefore a shorter focal 
distance than they have in a horizontal direction, but the difference 
of curvature in the two directions is usually slight, and is not found 
practically to interfere with correct V. The condition is strictly 
one of Ast. of the kind known as Regular Ast. ; but, from the fact 
of V. not being lessened by it, owing either to the moderate degree 
in which it exists or to the completeness with which in this mode- 
rate degree it is neutralised by accommodatory compensation, is 
sometimes described as Normal Astigmatism. An exaggeration of 
the difference in curvature and refractive power in the two direc- 
tions gives rise to the inaccurate vision and disturbing symptoms 
characteristic of Ast as an abnormal condition or ocular defect. 

In normal Ast. the meridian of greater curvature does not pre- 
cisely correspond with the median vertical line but intersects it at 
an angle of about 15°, passing from the centre respectively upwards 




Fio. 48. 

A. (Hpectlon of comeft' exten?ion» of rays, «, ft. c. from a lijrhtwl candle as seen by the left eye. 
ji, ditto, as seen by the right eye. (For fuil explutution see the text.) 



and outwards, (a), downwards and inwards, (Ji), and again downwards 
and outwards, (c). My colleague Dr. Macdonald has maintained 
that the difference in direction of curvature in the two eyes of the 
Home individual is in accordance with a bi-lateral symmetry which 
has apparently escaped notice hitherto. A simple experiment 
serves to illustrate the fact. When the left eye is closed and a 
small centre of light, as a lighted candle, that has been placed a 
few feet in front of the observer, is looked at by the right eye, the 
Jiead being raised, but the eye turned downward toward the light, 
a pencil of rays shoots from the light upwards and outwards at 
an angle a little to the outer side of the vertical ; but when the 
head is lowered slightly, the eye looking in the same direction, the 
pencil of rays shoots downwards at a similar angle to the inner 
side of the vertical. When the experiment is repeated with the 
led eye, the right being closed, the pencil of rays shoots from the 
light obliquely upwards to the left or outtjr side of the vertical; 
when the head is bent forwards the rays shoot obliquely downwards 
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toward the inner side of the vertical. In each instance when the 
head is maintained upright the angle at which the light radiates is 
about 15° to the outer or inner side of the perpendicular. The 
directions of the corneal rays thus produced in the right and left 
eye respectively are shown in fig. 48, A and B, while the con- 
verse corneal curvatures indicated by the directions of the radia- 
tion are shown in fig. 49, a and B. 

B V A 





Fig. 49. — Normal Astiqmatibu. 
Corueal curvatures iudicated by tlie conditions described in fig. 48. B, riglxt cyo ; a, left eye. . 

This normal Ast. seems to have been designed as an important 
aid to the perfection of binocular vision of near objects. In demon- 
stration of this view, Dr. Macdonald has shown that when a dot, or 
a vertical line is placed so far within the focal distance of either 
eye as to present a blurred aspect, the left side of the dot or line is 
found to be more clearly defined when the left eye is used, and the 
right side when regarded by the right eye. In each instance, on 
the inner side of the object, or that toward the nose of the observer. 
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Fio. 50. 
A, B, effects of noraud astigmatism (see text). 

a repetition of more or less indistinct images of the object is per- 
ceived, and in this direction a softly shaded effect is produced. 
Figs. 50, A and B, and 51, c and D, will serve to illustrate the effects 
just described. When regarding any one of the objects included 
in them it will be seen, if the two eyes of the observer are emme- 
tropic, that every particular observed by one eye has its counter- 
pai-t when the object is observed by the other eye. In fig. 50, a, 
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on closely inspecting the crossed white lines at a with either eye 
separately, the vertical line will be observed to be brighter and 
better defined on the outer side as regards the eye making the ex- 
amination than on the inner side, where it appeal's more diffused 
and faint. The horizontal line, on the contrary, is more even in 
its aspect, its upper and lower borders being similar in appearance. 
In fig. 50, B, on experimenting with the crossed black lines, similar 
results ensue. In both figs, in observing the dots and circles from 
h to c corresponding effects will be noticeable. In the smallest 
dots, and thinnest lines, the outer side is the more distinct accord- 
ing to the eye observing them, while the black and white centres 
in c, c, of A and B, are completely obliterated, and in d, d^ are much 
reduced in apparent size. 

Fig. 51, c and D, illustrates the combined result of these effects 
of normal Ast.,iu perfecting the definition and obviating confusion 
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J^KJ. 51. — Combined Effect of Norm-il Astiobutism in Binocular Vision, 

in the aspect of objects under binocular vision. As the objects 
are removed from the two eyes acting together, the outer, more 
defined, lines or margins which are seen by the eyes separately 
approach one another, and at last coalesce ; and thus, when they am 
brought by Ace. to their true retinal foci, each object is seen singly 
and equally defined and distinct on both borders or on all sides. 

Symptoms.— All objects, as well those which are near, as those 
which are distant, are more or less dulled in appearance, and have 
their shapes more or less modified in certain particulars, when they 
are regarded by subjects of astigmatism. The change in the shapes 
of objects as seen by an astigmatic eye, chiefly concerns their 
linear dimensions. The nature of the change can be observed by 
placing a cylindrical lens close to an emmetropic eye, and so 
practically making it for the time astigmatic. Suppose a + 2 D 
cyl. lens, with its axis vertical, is placed before such an eye, and 
an object bounded by straight lines is looked at, the object will 
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appear elongated in its lateral dimensions, and shortened vertically ; 
while, if the glass be turned round, the shape of the object will 
alter as it is rotated, and when the axis has become horizontal, it 
will appear elongated vertically and shortened laterally. Thus the 
sides of a square object cease to appear equal. A — 2 D cyl. lens 
will produce similar results, but the alterations of shape will be in 
opposite directions to the alterations effected by the +2 D cyl. 
lens. In proportion as the distance of the cyl. lens from the eye 
is increased, so necessarily the apparent alteration in shape of the 
object looked at through it will be also increased. If the origin of 
the astigmatism be congenital, the symptoms just described will 
have been continuous and without much alteration in degree. 

Some parts of objects are seen more distinctly than others by 
an astigmatic eye. If the image of an object be sharp and defined 
in one direction, it will be rendered indistinct by diffusion of rays 
in a contrary direction, or if the image be indistinct from diffusion 
in both directions, it will be still further confused by the blurring 
being more widely diffused in one than in the other direction. In 
reading, the letters appear badly printed. Objects presenting 
linear intersecting markings, such as patterns with crossed stripes, 
are comparatively strongly defined and darker in colour in one 
direction, while in the other they appear faintly marked ; or the 
whole pattern may become more or less obscure from the diffused 
rays from one direction of lines spreading over the lines of the 
pattern in the opposite direction. The astigmatic subject mani- 
festly cannot by any accomraodatory efforts bring the rays which 
are differently acted upon in passing through the various meridians 
of the eye to a focus on the retina at one and the same time, and 
he therefore exercises his Ace. to obtain greater clearness of view, 
firet in one meridian and then in the other, ofben in rapid succes- 
sion, so that asthenopia is induced, and adds to the visual trouble 
of the patient. The greater the difference of refraction in different 
planes of the eye, in other words the higher the degree of Ast., the 
more strongly marked will be the symptoms above mentioned. 
The more open the pupil of the eye, the more obvious to the 
patient are the effects produced by his astigmatism. Ast. is often 
associated with high degrees of abnormal refraction, both M. and 
H., but the ametropic condition with which perhaps it is most fre- 
quently associated is H. 

Retinal Images of Astigmatic Visioii. — In consequence of the 
rays passing through the meridian of greatest curvature being 
brought to a focus earlier than the rays passing through the 
opposite meridian, diffusion of the rays composing the image of 
an object is an inevitable result. The rays passing through the 
meridian of greatest curvature will throughout their path towards 
their focus be more convergent than those through the meridian of 
least curvature, and a section of all these rays on a screen, placed 
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perpendicularly to the optic axis, would have an elliptical outline 
with the shortest axis of the ellipse formed in the direction of the 
most convergent rays. When the more converging rays have been 
brought to a focus, the rays through the meridian of least refrac- 
tion will still be in progress, and at this distance a linear image will 
result with its lengt.h in the direction of the rays of least con- 
vergence which have not yet been brought to their focus. After 
the more convergent rays have been brought to a focus, if there be 
no interruption to their progress, they will cross and pass onwards 
divergently, while the less convergent rays will be approaching 
their focus. Here the image will also be elliptical, but the short 
axis of the ellipse will be in the direction of the rays of least con- 
vergence. On these rays arriving at their focus, a linear image 




Flo. 62.— DippusioN Images in Astiomatism. 



pppp, papft'lel rays from distant object : w, rertical meridian of refracting medium ^aetig- 
matic) ; AA, horizontal meridian of ditto ; 1, 2, 3, 4, 6, 6, transverse sections at distances 
indicated. 

The space (p) between the point of intersection, y'v', and that at h'k\ is called the 
'focal inteiral.' 

will result, with its length in the direction of the divergent rays 
which had crossed from the first focus. At a certain point the 
distances at which the boundaries of the crossed divergent rays, and 
those of the converging rays still advancing towards their focus, are 
separated from each other will be alike, and at this point, and this 
alone, the image on a screen, such aa the retina, would be a circular 
image. The mode of formation, and the varieties of form, of the 
diffused images just described, are illustrated in fig. 52. 

Amount of AiBtigmatism. — This is determined by estimating the 
difference in refracting power of the two meridians of the eye in 
which the inequality of refraction is most marked. Whenever Ast. 
exists, there must be one meridian in which the refracting force is 
greatest, and another in which it is least. These two meridians 
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cross at right angles to one another or nearly so. They are the 
principal meridians of the astigmatic eye ; the intervening meridians 
varying in refractive power according as they approach one or other 
of the two principal meridians. Either the expression of the 
difference between the refracting power of the two principal meri- 
dians, or of the power of the lens which would remove this differ- 
ence by making the two equal, will therefore represent the amount 
of Ast. in any particular eye. 

Rays of light traversing the principal ocular meridian of rela- 
tively greatest curvature, and therefore relatively greatest refractive 
power, will obviously be brought to a focus at some point anterior 
to the focus of the rays which have traversed the principal meridian 
perpendicular to it, or the one which has the least refracting power. 
The space between the two foci, bracketed under f in fig. 52, is 
known as the Focal IntervaL The greater the difference in refrac- 
tive power of the two principal meridians, the longer will be the 
focal intercal ; the less the difference in refractive power between 
these meridians, the less will be the extent of the focal interval. 
The measure of the focal interval, or of the lens which will bring 
the two foci into exact coincidence, afibrds another means of ex- 
pressing the amount of astigmatism. 

Estiiiiate of Amount of ABtigmatisin. — The measure of the 
amount of Ast., or of the difference between the refractive powers 
of two opposite meridians of an astigmatic eye, must be calculated 
differently in different kinds of Ast. If (1) the eye be ametropic 
in one meridian only, the opposite being emmetropic, the amount 
of ametropia in the one meridian will express the amount of Ast. ; 
if (2) the eye be ametropic in two opposite meridians, and the 
ametropia is like in kind — that is, if both meridians are Mc. or both 
He, but differing in degree in each — the difference between the 
ametropia of the two meridians will express the amount of Ast. ; 
if, lastly (3), the eye be ametropic in the two principal meridians 
but the ametropia is unlike in kind — that is, if one meridian be Mc. 
and the other He. — the sum of the^two degrees of ametropia must be 
taken to express the amount of Ast. or difference in refractive 
powers of the two meridians. 

Three YiniA of Astigmatism. — ^The three varieties of regular Ast. 
referred to in the preceding paragraph are named: (1) Simple 
Astigmatism ; (2) Compound Astigmatism ; and (3) Mixed Astig- 
matism. In form No. 1 one principal meridian of the eye is 
emmetropic, while in another and opposite meridian there is either 
an excess or deficiency of refractive power ; in No. 2, in both prin- 
cipal meridians, either an excess or a deficiency exists, but in 
different amounts ; in No. 3 there is excess in one principal 
meridian, while in the opposite one there is deficiency of refractive 
power as compared with an emmetropic eye. (See fig. 5G at end 
of chapter.) 
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Diagnosii of Begolar Astigmatiun. Sabjeotive Methods. 

1. By Lenses. — Though the eye may be hypermetropic, or 
myopic, neither 4- nor — centric lenses of any power will correct 
the existing defective condition or materially lessen the amount 
of acuteness of vision which is missing. 

2. Bt/ Lines. — When vertical and horizontal lines and rows of 
separate square dots, as shown in fig. 53, are placed in front of 
the eye, they are not seen with equal definition. When the vertical 
lines appear dark and defined, the horizontal lines will not be seen 
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Fio. 53. — Vertical and Horizontal Lines as Tests for Astigmatism. 



with equal clearness, and, vice versd, when the horizontal lines are 
seen comparatively clearly, the vertical lines will appear hazy. If 
attentively observed, the indistinct dark lines appear lighter in 
colour than they are printed, while the white spaces between them 
appear to be darkened, the general effect being to produce a grey- 
ness of colour, as if the black and white lines were mixed together, 
or as if part of the black were spre^ over the white, and part of 
the white spread over the black objects. If the horizontal lines 
be indistinct at the same time that the upper and lower margins 
adjoining the white interspaces are undefined, the left and right 
extremities of the lines will be sharp and distinct. On the contrary, 
the lines placed vertically which are seen separate and defined, 
appear very black in colour, without any blending with the white 
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interspaces, bat the upper and lower ends of the lines appear to be 
a little elongated, or present the appearance of a shadow extending 
beyond each of them. 

The lines which are most blurred, and so seen most indistinctly, 
are those which are in a contrary direction to that of the most 
ametropic meridian of the eye of the observer. Lines, on the other 
hand, in a direction corresponding with that of the most ametropic 
meridian, are seen distinctly if one meridian be Emc, or with 
relatively greater distinctness if both meridians be ametropic. Thus 
supposing an eye to be Mc. in one meridian but Emc. in the meri- 
dian perpendicular to this Mc. meridian, the linear markings of any 
objects looked at by it will appear hazy and obscure, though defined 
at their ends in the direction of the Emu. meridian ; distinct, normal 
in intensity of colour, but elongated at their ends in the direction 
of the Mc. meridian. Or supposing the whole eye to be Mc, but 
in different degrees in its principal meridians, lines seen in the 
direction of the less Mc. meridian will appear to be the most indis- 
tinct and confused, those in the direction of the meridian having 
the highest degree of M. will appear to be the least so. The same 
will be the relative appearances of objects seen by astigmatic eyes 
in which the defective refractive quality is He. in kind. 

If the eye be Mc. in one meridian but He. in the opposite one, 
lines parallel with the meridian in which the defect of refracition is 
greatest will be seen with most distinctness, while lines parallel 
with the meridian in which the defect is lenst will visually appear 
the most obscure. Thus the preponderating defect as regards 
form of the astigmatic eye, and the preponderating defect as regards 
visual effect, are always in opposite directions to each other. It 
follows, in practice, that the fact of lines being seen in a certain 
direction more obscurely than in the direction perpendicular to it 
at once shows the direction in which the astigmatic eye under 
observation is least ametropic ; and, vice versd^ the direction of the 
Knes seen most clearly indicates the direction in which the form of 
the eye in respect to its refraction is most defective. 
• The explanation of the visual effects just described is simple. 
Thus, taking the case in which an eye is Mc. in one meridian and 
Emc. in the opposite one, the eye being accommodated for the 
distance at which the vertical and horizontal lines of Snellen are 
placed, the rays of light emanating from every point in the lines 
parallel with the Mc. meridian will be brought to a focus in front 
of the retina, and images of all these points will be confused by 
circles of diffusion, while the rays falling in the Emc. meridian will 
be focussed in the plane of the retina and form clear images. 
Supposing the Mc. meridian to be vertical and the horizontal meri- 
dian Emc, the diffusion will of course be in a vertical direction. 
Vertical lines will therefore appear shadowy and elongated at their 
upper and lower ends, but there will be no diffusion at their lateral 
margins, or in the direction corresponding with the horizontal 
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meridian of the eye. The diffusion of the rays proceeding from 
each dark point upwards and downwards, on the surface of any 
vertical line, will be superimposed on the adjoining dark points of 
the sul-face, and the general blackness of the whole line will not be 
interfered with. The only visual defect as regards lines in the 
direction of the defective myopic meridian will, therefore, be the 
shadowy prolongation of the vertical ends of the lines ; the re 
maiuder of the dark lines, and of the white interspaces, will be 
clear and defined. But as regards lines parallel with the Emc. 
meridian, or approaching it in parallelism, the diffusion being still 
in the direction of the vertical Mc. meridian of the eye, the upper 
and lower boundaries of the horizontal lines, both the black and the 
white lines, will become diffused vertically on the retina, while 
there will be no diffusion as regards the ends of the lines. The 




Fio. 64. — The Astigmatic Fan. 

vertical diffusion of their images on the retina will thus cause the 
series of black and white horizontal lines to appear to be mixed 
up together, not only rendering their upper and lower borders unde- 
fined, but causing also a general greyness of colour over the whole 
series. The ends of the lines will, however, remain sharp and dis- 
tinct, because there is no diffusion of their images in the horizontal 
direction. The same explanation is applicable to the cases in which 
both principal meridians are ametropic though in different degrees ; 
the relative visual defects depend equally on the causes just 
explained. 

3. By the Astigmatic Fan. — The same remarks will apply to 
lines when they are arranged in the form of the astigmatic fan (see 
fig. 54). The line which appears to be blackest, and to have the 
most sharply defined borders, indicates the direction of the chief 
ametropic meridian of the astigmatic eye ; while the line perpen- 
dicular to it will be the most defective in definition, and will 
indicate the meridian of the eye which is least ametropic. 
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If the Astc. fan bo extended so as to form a wheel-like circle of 
spokes or radii, while the central portion is filled up by a series of 
concentric and equidistant circles, similar effects to those described 
with the Astc. fan will be manifested, and if the figure be rotated 
the alternating displacement of the fo(;al adjustment on the retina 
of different parts of the central circles will produce the effect of a 
revolving movement in them (see fig. 55). 

4. Bj/ a Circular Point of Light , — When a small round opening 
is made in a dark screen and light admitted through it, if looked at 




Fio. 65. 



CiRcuL-VR Extension op the Abtiomatic Fan with Concentmc and 
Equidistant Circles within. 



by an astigmatic eye at a distance of a couple of feet or so, the cone 
of light appears elliptical in form, the direction of the ellipse vary- 
ing as the eye approaches or recedes from the opening. Whatever 
may be the direction in which at one distance the hole in the screen 
appears to be elongated, at some other distance from the eye the 
hole will appear to be elongated in another and generally in a 
contrary direction. 

The variations in the apparent form of the small opening depend 
on the differences of distance for which the eye is accommodated. 
If the astigmatic eye is accommodated to the distance at which the 
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small opening is placed, so as to bring the rays of light proceeding 
from it to a focus on the retina in one meridian, the opposite 
meridian will ' be relatively ametropic, and diffusion of the rays 
passing through it will result. Thus, taking for example an eye 
that is Mc. in its vertical meridian and Emc. in the opposite meri- 
dian, when the small hole is so placed that the light traversing it 
is brought to a focus on the retina in the Emc. meridian, diffusion 
of rays will occur in the direction of the Mc. meridian, and the 
point of light will appear to be elongated in that direction : the 
opening will be elongated vertically. If, however, the distance be 
such that the rays of light are brought to a focus on the retina in 
the line of the Mc. meridian, the opposite Emc. meridian will 
practically be rendered for the time ametropic, deficient in refractive 
power, and difinsion will occur in that direction. If the eye in its 
horizontal Emc. meridian be accommodated for focussing on the 
retina rays of light coming from the distance point of the Mc. 
meridian, the Mc. meridian will have its distant point shortened, 
and diffusion will occur in that direction. The point of light will 
appear to be elongated vertically. 

5. By a Stenopveic Hole, — When the stenopoeic opening is placed 
in the visual line near the centre of the cornea, and the astigmatic 
eye looks through it at the vertical and horizontal lines of Snellen, 
they appear as sharp and defined, or nearly so, in all directions, as 
they do to an Emc. eye. 

6. Bfj a Stenopoeic Slit. — When an astigmatic eye looks through 
a stenopcBic slit at an object, the rays of light proceeding from the 
object and passing through the slit will be acted upon by the 
dioptric media of the eye according to the refractive quality of 
the particular meridian the slit coincides with. If the case be 
one of simple Mc. or He. Ast., and the slit be placed in the direction 
of the Emc. meridian, both vertical and horizontal lines will appear 
equally clear. If the slit agree with the ametropic meridian, there 
will be diffusion of rays in the direction of that meridian, and lines 
corresponding with the meridian perpendicular to it will be rendered 
visually dim and obscure. The proper correcting + or — lens, 
according to the kind of ametropia, will at once remove the confu- 
sion. If the slit be applied to any intervening meridian similar 
effects will occur in a modified degree, according to the position of 
the meridian. If the case be one of compound Mc. or He. Ast , 
and the slit be placed so as to correspond with either of the prin- 
cipal ocular meridians, the visual effect will be the same as if the 
case were one of simple Mc. or He. Ast. of amount corresponding 
to the degree of ametropia of the particular meridian to which the 
slit is applied. If it be a case of mixed Ast., objects will be seen 
as they would appear if they were regarded by an eye with simple 
Mc. or He. Ast., according to which meridian the fissure is applied to. 
In all cases a correcting spherical lens will remove the astigmatic 
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effect produced by the application of the stenopoeic slit. It should, 
however, be remembered that effects similar to those last described 
would ensue if the stenopoeic slit were applied to a myopic or 
hypermetropic eye of the same degree of M. or H., but without any 
Ast. 

Diagnosis of Astigmatism. Objectiye Method. 

The existence of Ast. may be determined objectively by the 
changes of form it produces in the ophthalmoscopic appearance of 
the optic papilla. When the fundus is observed by the direct mode 
of examination the optic papilla appears elongated in a direction 
corresponding with that of the most refractive ocular meridian ; 
when the fundus is observed by the indirect mode of examination, 
and the image is inverted, the optic papilla appears elongated in 
the direction corresponding with the least refractive meridian. 

Varieties of Begnlar Astigmatism. — All cases of regular Ast. 
belong to one or other of six varieties of the three kinds of Ast. 
before mentioned. They are the following: — 

1. Simple Myopic Ast. (Am.) — One ocular meridian is Mc, the 
contrary meridian Emc. Parallel rays passing through the former 
meridian are brought to a focus in front of the retina ; through the 
latter meridian, in the plane of the retina. 

2. Simple Hypermetropic Ant, (Ah.) — One meridian is Emc, 
the contrary meridian He. Parallel rays passing through the 
former meridian are focussed in the plane of the retina ; through the 
latter meridian, have not attained their focus on reaching the* 
retina. 

3. Compound Myopic Ast, (M. + Am.)— Both principal meridians 
are Mc, but in different degrees. One meridian presents a 
maximum of M., the meridian at right angles to it a minimum. 
Parallel rays traversing the two principal meridians are all brought 
to a focus in front of the retina, but at different distances in front 
of it. 

4. Compound Hypermetropic Ast. (H. -f Ah.) — The two prin- 
cipal meridiana are He, but in different degrees. One meridian 
presents a greater deficiency of refractive power than the other. 
Parallel rays traversing each meridian would, if practicable, be 
brought to a focus at a distance beyond the retina, but the focal 
distances beyond the retina would be different. 

5. Mixed Ast. ; Myopia Predominant (Amh.) — Both principal 
meridians are ametropic, but the anomalies of refraction are opposite 
in kind. M. in one meridian is mixed with H. in the contrary 
meridian, but the M. predominates. 

6. Mixed Ast. ; Hyperm^fropia Predominant (Ahm.) — This 
variety is similar to No. 5, with the exception that H., instead of 
M., predominates. 
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The amount of Ast. in each of the foregoing six varieties will 
vary according to the difference between the maximum and the 
minimum of refraction in the two principal meridians. Such varia- 
tions are very numerous. Of the three kinds of Ast. to which 
the six varieties belong, i.e. the simple, compound, and mixed 
kinds of Ast., the compound is most frequently met with in practice. 

Examples of Begnlar Astigmatism. — The following will serve as 
examples of the six varieties of Ast. Their correction will be ex- 
plained afterwards. 

1. (Am.) — Vertical meridian Mc. M. = -1-2 0. Horizontal 
meridian Emc. Amount of Ast., or the difference in refraction of 
the two principal meridians, or Am. = 2 D. 

2. (Ah.) — Vertical meridian Emc. Horizontal meridian He, 
H. bein<]r —2D. Amount of Ast. or Ah. = 2 D. 

3. (M. + Am.) — Vertical meridian Mc. = +4D, horizontal 
meridian Mc. = + 2 D. Difference in refraction between the two 
meridians, or the amount of Ast. or Am. = +4D— 2D = 
2D. 

4. (H, + Ah.)— Vertical meridian He. H. = — 2-50D; hori- 
zontal meridian He. = — 7 D. Difference in refraction between 
the two meridians, or the amount of Ast., or Ah. = — (7D —2-50 
D) = 4-50D. 

5. (Amh.) — Vertical meridian Mc. = 4- 1*50 D, horizontal 
meridian hypermetropic, H. being = — lOD. The amount of 
Ast., or difference in refractive power of the two meridians, or 
Amh. =1-50 D added to I'O D, = 2*50 D. 

6. (Ahm.) — Vertical meridifln Mc. = -l- I'O D; horizontal 
meridian He. = — 150 D. The difference in refractive power of 
the two meridians, or the amount of Ast., or Ahm., is, therefore, 
the same as in example No. 5, viz. 1*50 D 4- 10 D = 2oO D. 

In the foregoing examples, the vertical and horizontal meridians 
have been named as the two principal meridians of refractive 
defect, because it is in these . directions, or nearly in them, that 
the refractive anomalies in Ast. are most frequently found. But 
the anomalies of refraction may be found in any other of the ocular 
meridians, and it is essential to determine the precise inclination 
of the astigmatic meridians in every instance under notice before 
the correction of the Ast. becomes possible. 

To Determine tlie Direction of the Principal Ametropic Meri- 
dians in Ast. and their Degrees of Ametropia. — Various descriptions 
of test objects have been arranged for determining the direction of 
the principal ametropic meridians in cases of Ast. Of these 
probably the most convenient are, firstly, circles, or semicircles 
such as the one represented in fig. 54 having radii of lines dis- 
posed at certain intervals, and marked by figures at the circumfer- 
ence which indicate the number of degrees into which the 
circumference is divided by them ; or, secondly, series of letters 
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formed by lines placed at varions angles of inclination, such as 
those known as ' Pray's types.' 

If a semicircle be employed, a line forming the base line of the 
semicircular arc is usually marked 90** at each extremity, while 
the line perpendicular to this base line is marked 0. The inter- 
vening radial lines are marked according to the number of degrees 
of the circumference included between them and the vertical line 
(see fig. 54). Trial frames usually have the vertical line marked 
90** ; the horizontal lines marked on one side, and 180° on the 
other. 

The letters of Pray's types are formed of thick dark lines, with 
white interspaces of the same dimensions. There are letters with 
the lines disposed in a vertical direction, others have the lines 
horizontal, and others with the lines inclined at various angles 
between these two directions. 

In using these astigmatic test objects, the person under obser- 
vation is placed at a distance of 15 or 20 feet from them, the 
objects being placed on a level with the face, and so that the light 
may fall on them. Note is then taken of the particular line, or 
particular letter, which appears most distinct to the astigmatic eye. 
If one of the lines or letters is seen without any blurring or con- 
fusion, it is apparent that the case is one of the simple form of Ast., 
and that the principal ametropic meridian is in the direction of the 
line or letter which is seen clearly. Let the line seen clearly be a 
vertical line, or the letter of Pray's types which is composed of 
vertical lines, the vertical meridian of the eye is ametropic, the 
horizontal emmetropic. If now a + and — cylindrical lens of one 
dioptric be successively passed before the eye with the axis of the 
lens held at right angles to the ametropic meridian, it will settle 
the question as to the nature of the Ast., whether it be Mc. or He. 
In the instance supposed, the axis must be horizontal. If the Ast. 
be Mc, a — , if He, a + , cylindrical lens will render all the other 
lines of the dial, or letters of Pray's types, more dark and distinct. 
A succession of lenses of the kind thus indicated may then be passed 
before the eye until the lens which entirely neutralises the ame- 
tropia, shown by all the lines and letters being clearly seen, is met 
with. The power of this lens being known, the nature and degree 
of the Ast. will be equally known. 

If, on regarding the dial or types, none of the lines or letters 
appear free from blurring, although some have more definition 
than others, the case is one either of compound, or mixed Ast. 
The direction of the line or letters seen least hazily is noted, and 
the inclination of the meridian of chief refractive defect is then 
known. Proceeding as before, a weak Sph. -f or — lens will 
indicate the nature of the ametropia in the contrary meridian. 
The Sph. lens which completely clears the line of indistinctness in 
the chief ametropic meridian shows the amount of ametropia in 
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the opposite merirlian, and at the same time reduces the case to 
one of simple Ast. A weak + or — Cyl. lens, with the axis per- 
pendicular to the inclination of the chief ametropic meridian, will 
show the nature of the ametropia in this meridian, and a succession 
of trials with such lenses will show its amount, by noting the lens 
which completely clears V. in the opposite direction. If the Gyl. 
lens correspond in refractive quality with the spherical lens which 
corrected the ametropia in the chief meridian, the case is one of 
compound Ast. ; if the cylindrical lens be of opposite quality to 
the spherical lens, the case is one of mixed Ast. Thus supposing, 
for example, the person under observation sees the horizontal line 
of the dial or letter formed of horizontal lines least indistinctly, 
the principal meridian of greatest ametropic defect is shown to 
be in that horizontal direction, the principal meridian with least 
ametropia is shown to be vertical. On trying with + and — Sph. 
lenses of low power, a + lens increases the definition of the hori- 
zontal line. The ametropia of the vertical meridian, or meridian 
of least ametropia is shown to be H. A + 1*25 D Sph. lens com- 
pletes the definition of the horizontal line. The ametropia of the 
vertical meridian is shown to be H. = l-25 D. The case is now 
reduced to one of simple Ast. A low power + Cyl. lens, axis 
verfcical, lessens the indistinctness of the vertical line. The ame- 
tropia is therefore shown to be of the same nature in both principal 
meridians ; and the case is shown to be one of compound He. Ast. 
On trial, a Cyl. + 2*50 lens, axis vertical, clears the vertical, and 
now with it and the -f 1-25 D Sph. lens together, the lines in all 
directions are cleared. The case is shown to be a case of compound 
He. Ast., Ah. vertical = —1-25 D, Ah. horizontal = — 3*75 D. 
Or, as another example, the lines in a vertical direction being 
seen with least indistinctness, and the chief ametropic meridian 
being shown to be vertical, a + 1 D spherical lens renders the 
vertical lines quite distinct. The horizontal ametropia is shown to 
be H.= — 1 D. It is presumed that steps have been taken to pre- 
vent, by the use of atropine, the exercise of Ace. on the part of the 
patient, or otherwise the H. in the horizontal meridian might be 
neutralised by its exercise. On trial, a — 1 D Cyl. lens, axis hori- 
zontal, is found to lessen the blurring of the horizontal lines. The 
ametropia in the vertical meridian is positive in quality, opposite to 
that of the horizontal meridian, and the case is shown to be one 
of mixed Ast. A — 3 D Cyl. lens, axis horizontal, the spherical 
+ 1 D lens being retained, renders horizontal and all the other 
lines clear. The case is thus proved to be one of mixed Ast., 
with vertical meridian myopic = + 2 D, and horizontal meridian 
hypermetropics — ID. 

Correction of Begidar AstigmatiBm. — The correction of the first 
two varieties of regular astigmatism — (1) simple Mc. Ast., and (2) 
simple He. Ast. — when the nature and degree of the ametropia in 
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the ametropic meridian have been determined, is at once effected 
by a suitable cylindrical lens. The axis of the lens must be placed 
in the direction of the visual defect, or, in other words, of the 
emmetropic meridian. The examples before given of these two 
varieties will therefore be corrected as follows : — 

Ex. 1. — (Am. = 2 D.) Vertical meridian Mc, -1-2 0; horizon- 
tal, Emc. A Cyl. — 2D lens, with the axis horizontal, corrects 
the Am., and renders the whole eye emmetropic. 

Ex, 2. — (Ah. = 2 D.) Vertical meridian Emc. ; horizontal. 
He. — 2D. A Cyl. -h 2 D lens, with the axis vertical, corrects 
the Ah., and renders the whole eye emmetropic. 

The correction of the compound and mixed forms of Ast. may 
be eflFected in either of two ways. The Ast., or the difference 
between the two principal meridians, may be first rectified, and the 
remaining ametropia corrected by a suitable Sph. lens ; or the case 
may be in the first instance reduced to the simple form of Ast., 
myopic or hypermetropic, as the state may be, by an appropriate 
Sph. lens, and the Ast. then corrected by a proper Cyl. lens. The 
latter is probably the shortest method. The degrees of ametropia 
in the two principal meridians being known, whether in one of the 
varieties of the compound or of the mixed form of Ast., the correc- 
tion of either meridian by a proper Sph. lens will leave that 
meridian emmetropic and the other meridian alone ametropic. The 
case will then be one of simple Mc, or simple He, Ast. If the 
meridian possessing the relative maximum of refractive power be 
so corrected, the remaining meridian will be rendered He. ; if the 
meridian having the relative minimum of refractive power be 
corrected, the remaining principal one will be left Mc. The appli- 
cation of a suitable Cyl. lens will then complete the correction as 
shown in Exs. 1 and 2. 

To illustrate this in the correction of the examples of compound 
and mixed Ast. already given : — 

Ex. 3.— (M. = + 2 D + Am. = 2 D.) Vertical meridian Mc. 
+ 4 D ; horizontal meridian Mc. + 2 D. A spherical — 2D lens 
will render the horizontal meridian emmetropic, and reduce the 
refraction of the vertical meridian to a M. of + 2 D. The case will 
then be similar to Ex. 1, and a Cyl. — 2D lens, with the axis 
horizontal, will complete the correction. 

Ex. 4.— (H. = - 2-50 D + Ah. = 4-50D.) Vertical meridian 
He. — 2-50 D ; horizontal - 7 D. A spherical leus + 250 D will 
render the vertical meridian emmetropic, and leave the horizontal 
meridian He. 4*50 D. The case will then be similar to Ex. 2, 
simple He. Ast., and a Cyl. + 4*50 D lens, with the axis vertical, 
will complete the correction. 

Ex. 5.— (Amh. = 250 D.) Vertical meridian Mc. + 150 D; 
horizontal meridian He. — 1*0 D. 

A spherical — 1'50D lens will render the vertical meridian 

H 2 
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Emc, and leave the horizontal meridian Ho. — 2*50 D. A Cyl. 
-f 2*50 D lens, with the axis vertical, will complete the correction. 

Or a spherical + TO D lens will render the horizontal meridian 
Emc, and leave the vertical meridian Mc. + 2 SOD. A Cyl. — 
2 50 D lens, with the axis horizontal, will complete the correction, 

Ex. 6.— (Ahm. = 250 D.) Vertical meridian Mc. + I'O D; 
horizontal meridian He. — 1*50 D. 

A spherical + 1*50 D lens will render the horizontal meridian 
Emc, and leave the vertical meridian Mc. + 2-50 D. A Cyl. — 
250 D lens, with the axis horizontal, will complete the correction. 

Or a spherical — 1*0 D lens will render the vertical meridian 
Emc, and leave the horizontal meridian He — 2*50 D. A Cyl. 
-f 2 50 D lens, with the axis vertical, will complete the correction. 

The adjoining table shows diagrammatically the six varieties of 
regular Ast., which have just been described, and will serve to ex- 
plain further the modes of correction in the several examples of 
them given in the text. 

It is obvious from the foregoing illustrations that two methods 
can be practised for reducing each variety of compound, as well as 
of mixed, Ast., to a condition of simple Ast. Either the meridian 
in which there is the relative maximum, or the' one in which there 
is the relative minimum, of ametropia, may be corrected by a suit- 
able spherical lens in order to effect the reduction. K the minimum 
be selected, as in the examples given of compound Ast., the re- 
maining ametropic meridian retains its original kind of ametropia, 
but in a lessened degree. If the maximum of ametropia be cor- 
rected, the nature of the ametropia in the remaining principal 
meridian will be changed, and spherical and cylindriccd lenses of 
opposite refractive conditions will have to be employed in the total 
correction. In mixed Ast., the remaining ametropic meridian, 
after the reduction to the simple form, may be either Mc. or He, 
according as one or other of the principal "meridians has been cor- 
rected to reduce it to the simple form. Generally the mode of 
correction in which the conditions of refraction are simplest in 
kind, and least in degree, best answer the object in view. The 
creation of a new and opposite kind of defect in the remaining 
meridian should be avoided in all cases when practicable ; while 
the plan which corrects one meridian and at the same time lessens 
the defect in the other, should be aimed at in all instances in which 
the reduction of a complicated to a simple form of Ast. is under 
consideration. 

There is a third mode of correcting compound and mixed forms 
of Ast., by neutralising the ametropia in each of the two principal 
meridians by suitable Cyl. lenses. The axes of the lenses will have to 
be placed at right angles to each other. Such bi-cylindrical lenses 
present practical difficulties in their manufacture and adjustment, 
and are consequently rarely employed in astigmatic correction. 
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Ex, 1. Simple Mc. Ast. 
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Cyl. -2D 

Axia— 180«>. 



M. E. H. 



Ah. 



2 



Ex. 2. Simple He. Ast. 

Correction, 

OtI. +2 D 
Axis I 90O. 



IL+Am. 
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Ex, 3. Compoand Mc. Ast 

Oorreelion. 
Sph. ~2 D 
Cyl. -2D 
Axia-180«. 



H.+Alu^- 



7D 



Ex, 4. Compoimd He. Ast. 

Correction, 
Bph. +2-5 D 
Cyl. +4*JD 
Axis 1 90°. 



1-D / 



Ex. 5. Mixed Ast., M. predominant 

Correction, 

Bph. -1-5 D 

CyL+2-5D 

Axis |90^ 
or, S ph. + 1*00 
Cyl. -2-6 D 

Axia— 18(P. 



/ 



1-5 0/ 

+ /' 



Ex, 6. Mixed Ast., H. predon 

Correction, 
\ Bph. +1-5 D 

Cyl. -2-6 D 



or, 



Axis -180". 
Sph. - ID 
Cyl. +2-SD 
Axis \9Q9, 



Via. 56.~])iAOBA]aaTic View or tbe Six Vabibties of Rsottlab Astioiiatisu^ 

WITH TBI CoBBBCnON OF AK EXAMPLB OF BACH YaBIETT. 
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The construction of piano-cylindrical, bi-cylindrical, and 
Bpherico-cylindrical, lenses, has been illustrated in a previous 



SEEN IN FACE 



M-+ID 



• Sph. 



in 




6Cyl. - ID 

Axis horixontal 



HORIZONTAL SECTrON. 

Fio. 57. — Compound Mc. Ast. cobbectbd bt ▲ SphericoCtl. Leks, 

chapter (see figs. 26 to 31). Figs. 57 and 58 will serve to illus- 
trate the application of spherico-cylindrical lenses in the correction 
of the compound and mixed forms of Ast. 



SEEN IN FACE 



flT SPH : 4- I D 
* c\l: — 50 

AXIS HORIZONTAL 




MOWISONTAL SECTION 

Fio. 58.— Mixed Ast., M. pbefondssatino, cobbected bt ▲ Sfhebzco-Cyl. Lens. 

Diagnosu and Correction of Irreg:alaT Astigmatigm. — ^Irregular 
Ast. being usually due to superficial alterations of form, resulting 
from inflammatory affections or other lesions of the cornea, some 
indications of the disease to which the eye has been subjected are 
the general accompaniments of this form of Ast., such, for example, 
as cicatrices of corneal ulcers, faults of curvature, corneal opacities, 
And other abnormal conditions, which may be readily observed by 
lateral illumination of the cornea, or by direct ophthalmoscopic ex- 
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amination. Not only is the visual acuteness found to be impaired 
owing to the imperfect transmission of light due to these changes, 
but objects looked at by the patient are seen deformed. Straight 
lines appear wavy, and differ in depth of colour in some of their 
parts. Keratoscopy exposes the irregularity of the corneal curva- 
ture, by the manner in which the lights and shadows follow each 
other in succession, when the reflecting mirror is gently rotated on 
the axis of the handle which supports it. No forms of lenses, 
whether Sph. or Cyl., correct the deformity of objects or restore 
normal acuteness of vision, although the deformity is less, and 
acuteness of vision frequently improved, when the access of rays of 
light is limited by the application to the eye of a stenopceic opening. 

Influence of Art. on Military Service. — It may be readily under- 
stood from considering the nature and effects of Ast., that it is an 
optical condition which must seriously interfere with the accurate 
performance of some of the most important duties of soldiers. The 
condition of M. does not prevent the eye from seeing clearly at 
particular distances ; H. interferes with good sight less at some 
distances than it does at others ; but Ast. renders vision more or 
less indistinct at all distances. Objects not only appear indistinct, 
but they are to some extent altered in form ; the extent and 
direction of their disfigurement varying according to the kind and 
amount of Ast. in the eye which looks at them. The power of 
forming correct estimates of the distances of objects is much im- 
paired. In using a rifle, neither the object aimed at, nor the sights 
of the rifle itself, can be seen accurately — their outlines are blurred, 
more in one direction than another. Moreover, this faulty state of 
vision is accompanied by an amount of ocular effort and persistent 
feeling of uncertainty regarding the true characters of objects that 
add materially to the difiiculties of any astigmatic person whose 
duty it may be to observe objects before him with promptness and 
precision. A soldier who is astigmatic cannot, therefore, be relied 
upon for the proper discharge of his trust if he be placed on guard 
as a sentry — particularly on active service in the field, where alert- 
ness as well as a wide scope of view, and a well-defined recognition 
of all objects are often of essential importance. Even in armies in 
which the use of correcting glasses is permitted, Ast. will always 
be a disqualifying defect, for it is almost impracticable to make 
provision for supplying the kinds of lenses, already described, which 
are necessary for correcting this form of ametropia. 

The rules under which astigmatic defects of vision disqualify a 
recruit from acceptance for military service, and the regulated 
manner of determining the disqualification, will be found in Chapter 
IX. 
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CHAPTER III. 

Subjective and Objective Modes of Visual Examination — Objective Assessment of 
Befraction— Direct Mods op Ophthalmoscopic Diagnosis— Conditiona 
"which Concern the Observer — Those which Concern the Observed Eye— Rays 
Emitted by an Emmetropic Eye— By a Myopic Eye- By a Hypermetropic Eye 
— Effects of Foregoing on the Observer's Eye — Application of Observations to 
Diagnosis — Brectand Inverted Images — Objective Diagnosis of Em.— Of M. 
— Of H.— Astigmatism— Measure op Ametropia by Refraction Oph- 
thalmoscopes — Manner of Employing them — Diagnosis of Degrees of M. — 
Of H.— On the Use of Refraction Ophthalmoscopes — KERATOSCOPY—Diffi- 
culties in Military Practice — Appearances in Keratoscopy — Eeratoscopy with 
Concave Mirror — Application in Practice — Diagnosis of Degree of M. or H. — 
Measure and Correction of Ast.— Keratoscopy with Plane Mirror. 

Subjective and Objective Modes of Visual Examinatioii. — The 

methods of determining the visual acuteness and ocular refractive 
conditions hitherto described have depended in a great degree on 
the description by the person under observation of his own visual 
impressions. The subject under examination has told the surgeon 
what he could see, or could not see, under given circumstances. 
Reliance has necessarily had to be placed by the examiner on the 
honesty and correct description by the person under examination of 
the subjective phenomena that have occurred to him. If the person 
who has been tested has only been actuated by a desire to assist the 
examiner in his investigations, and has answered the tests put to 
him intelligently, the conclusions arrived at will be correct and sure ; 
but if, intentionally or otherwise, the replies given to the examiner 
and the statements made by the person examined have not been in 
accordance with the person's real impressions, then the conclusions 
arrived at may be false. The accuracy of the conclusions may be 
tested by increasing the number of tests and varying their nature ; 
but these proceedings occupy more time than frequently can be 
spared for the purpose. If, therefore, modes of examination can bo 
practised in which there is no need for the participation of the 
person under examination, in which the surgeon's own observations 
of the eye and its appearances under certain conditions will suffice 
to reveal to him its refractive quality, and, if ametropic, its amount 
of ametropia, it is evident that such sources of fallacy as have just 
been referred to will be altogether removed. If, moreover, satis- 
factory results can be attained rapidly by an objective examination 
of the kind alluded to, then obviously the gain will be very great, 
both to surgeons and patients, and especially to surgeons who have 
to deal with children who cannot readily describe their sensations, 
or who have to attend to large numbers of patients within limited 
periods of time, as often happens in civil hospital practice. It is 
not to be wondered at, then, that during the last few years a great 
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amount of attention has been given to objective methods of ex- 
ploring and determining ocular states of refraction, not only gener- 
ally in civil life, but also in military practice in countries where 
the system of conscription is in force, and in which the numbers 
of men to be examined, and the amount of false assumption or 
exaggeration of visual defects are far greater than British military 
surgeons ever have to deal with. As a general rule, a large pro- 
portion of conscripts for Continental armies would avoid military 
service if they could, and hence naturally have a tendency to ex- 
aggerate defects when they exist, or to make it believed that they 
exist when they do not exist, while, as a general rule, in a system 
of voluntary enlistment, just the reverse holds good, and the recruits 
do their best to show their fitness for service. It is obviously com- 
paratively easy for a surgeon to determine whether a recruit's power 
of sight is up to a given standard when the man is doing the 
utmost he can to show his sight at the best ; while it is a very diflB- 
cult matter to prove that the quality of vision of a conscript is up 
to the required standard, when the man is trying to counteract the 
surgeon's efforts, unless the surgeon is suflSciently expert to deter- 
mine the question by objective observation. 

Objective Assessment of Ocular Befraction. — Ophthalmoscopic 
observation of the fundus affords very useful assistance to surgeons 
in enabling them to establish a diagnosis of the refractive condition 
of an eye in doubtful cases. If the subject's vision be really defec- 
tive owing to ametropia, the presence and kind of ametropia, after 
a little practice, and approximately the degree of the defect, can 
be ascertained by its means. The determination of the degree of 
V. by methods previously described will indicate the amount of the 
disability stated to exist, and as, if any attempt at simulation be 
practised, a high degree of defect is likely to be assumed, the oph- 
thalmoscopic examination will resolve all doubt on the subject, 
without the person under observation having any power to interfere 
with the conclusion at which the surgeon may arrive. 

Both the direct and indirect methods of ophthalmoscopic obser- 
vation can be used for ascertaining objectively the refractive state 
of an eye, but the former method is more reliable and useful. The 
direct mode of examination in which the mirror alone is employed 
can be applied in two ways, viz. by using it for observation of an 
illuminated part of the fundus, or particular object in this illumi- 
nated portion ; or by using it for observation of the shadow by 
which the illuminated part is bounded. This latter application of 
direct examination is known as ' Keratoscopy^' or sometimes ' Retino- 
ecopy! 

In order to judge not merely the quality of refraction, but to 
determine the degree of ametropia when ametropia exists, other 
expedients, in addition to the simple use of the concave mirror, are 
necessary. The expedients in ordinary use are mechanical arrange- 
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inents for applying any required correcting lens to the aperture of 
the mirror by means of ' refraction ophthalmoscopes ^^ or the applica- 
tion, as in keratoscopy, of a series of trial lenses in front of the eye 
under examination. An explanation of each method follows. 



Assessment of Ametropia by Direct Ophthalmoscopic 
Observation of the Fundus. 

Ophthalmoscopic Diagnosis — ^Direct Method. — ^In this proceeding 
the ordinary concave mirror alone is employed. It is understood 
that the examining surgeon is himself emmetropic, or renders his 
eye emmetropic by correction through a suitable lens placed in the 
clip at the back of the mirror. The surgeon arranges himself so 
that the mirror, through the sight-hole of which he makes his ob- 
servations, is at a distance of 18 inches or more from the eye under 
observation, the light having its usual relative position to the patient 
and observer. For precise observation, especially in cases where 
there is reason for suspecting an attempt at simulation, it is well 
to place the patient under the influence of atropine. If this should 
not be convenient, or not considered desirable, then the eye of the 
patient should be directed to some distant point so that its accom- 
modation may be relaxed as far as possible during the examination. 

Bays Emitted by an Emc. Eye. — In applying this method it is 
to be remembered that the rays reflected from the illuminated 




Fia. 59. — ^Batb emitted bt an Ehmetbopic Eye, AccoacMODATioN ssiNa at Best. 

retina of an emmetropic eye whose Ace. is at rest have such direc- 
tions given to them in traversing the successive refractive media 
that they pass outwards from the eye as parallel rays — ^that is, all 
the reflected rays emitted from each point of the retina after leav- 
ing the eye travel in a direction parallel with the axial ray belong- 
ing to that point (see fig. 59). 

Bays Emitted by a Mc. Eye. — The rays reflected from the retina 
of the myopic eye, when its Ace. is at rest, in issuing from the eye 
follow the same paths as the diverging rays which enter it from its 
distant point of distinct V., and therefore pass away from the 
globe as convergent rays, that is, all the rays from any one given 
illuminated point of the retina, instead of being parallel with the 
axial ray belonging to that point, as happens with the Emc. eye, 
converge towards it and meet upon it at some point. This meet- 
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ing point is the remote point of distinct vision of the eye under 
observation, and its distance from the eye will depend upon the 
degree of M. (see fig. 60). The higher the degree of M. the more the 
rays converge, and, as a result, the nearer to the eye their meeting- 
point. The point on the retina from which the reflected rays start, 
and the point at which they meet in front of the eye are conjugate 
foci and in the case of a retinal object being regarded, a real 
and inverted image of that object will be formed in the position of 
the conjugate focus situated in front of the eye. This aerial image 
will be larger than the object from which it is projected. 




Fia« 60. — Bats shitted bt a Myopic Ete, Accommodation being at Best. 

Bays Emitted by a Ho. Eye. — ^The rays reflected from the 
retina of the He. eye pass out of the globe as divergent rays, that 
is, instead of approaching toward the axial ray as described in the 
Mc. eye, they diverge from it. The greater the deficiency qf refrac- 
tive power in the eye under observation, or, in other words, the 
higher the degree of H., the greater will be the angle of divergency 
from the axis of the cone of rays (see fig. 61). If these emitted 
rays were prolonged backwards with the angle of divergency un- 
changed, they would meet at a point behind the retina, and, at the 
distance of this point, an erect, enlarged, virtual image of an 
illuminated retinal object would be formed. 




Fia. 61.— -Bats emitted bt a Htpebmetbopio Eye, Accommodation BEiNa 

AT Best. 

So far then as an eye looking through the sighthole of the mir- 
ror is concerned, the rays falling on it will be parallel if the eye 
under observation from which they proceed be Emc, convergent if 
they come from a Mc. eye, and have not yet reached their meeting 
point ; and divergent if they come from a Mc. eye after they have 
met and crossed, or if they come from a He. eye. 

Effect of Rays from an Emc. Eye on the Observer. — The observer 
being understood to be Emc, the efiect produced on his vision by 
rays having the several directions named, will vary according as he 
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exerts Ace. or does not exert it. Being emmetropic, if no Ace. be 
exerted, his eye is adapted for focussing parallel rays and he will 
be able to see objects on the retina of the Emc. eye under observa- 
tion ; bnt if Ace. be exerted and his V. adapted to the distance of 
the retinal object, he will not be able to see it with definition, be- 
cause his eye will then be adapted for focussing divergent rays, 
while the rays emitted by the Emc. eye and falling on his own are 
parallel rays (see fig. 62). 





Fio. 62.— Bats beachino the Obsebyeb*8 Etb fbou an Eye which is Emc. 

Effect of Bays firom a Ho. Eye on tbe Obserrer. — If the eye 

nnder observation be Mc, the clearness of vie^ of the fundus will 
not only depend on the fact of Ace. being exerted or otherwise, 
but will also be influenced by the relative position of the examin- 
ing surgeon and the position of the punctum remotum of the eye 
nnder examination. If the observer be placed so as to be within 
the remotum of the Mc. eye under examination, and the emitted 
converging rays have not met and crossed before reaching the 
observer's eye, a clear image of a retinal object cannot be formed 
on the observer's retina. His eye is adapted for focussing parallel 
rays if no Ace. be exerted, and will be adapted for divergent rays, 
if Ace. be exerted, while the rays reaching it under the conditions 
named are convergent rays. If the observer be placed so as to be 
outside and beyond the remotum of the observed eye, so that the 
emitted converging rays will have met and crossed before arriving 
at the observer's eye, then, under such circumstances, by accommo- 




Fia. 63. — ^Bays beachino the Obsebveb's Eye fbom an Eye which is Mc, 
THE Bays hayimo cbossed. 

dating for the distance of the meeting point of the rays firom^the 
observed Mc. eye, he will see the image formed at this point as 
distinctly as if it were the object itself instead of its image. The 
emitted rays having crossed, fall on the observer's eye as diverging 
rays, and by the assistance of a suitable amount of Ace. they are 
brought to an exact focus upon his retina. The higher the degree 
of M. the sooner will the emitted rays meet, and the nearer to the 
eye will be the aerial image of the fundus (see fig. 63). 
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Effect of Bays from a He. Eye on the Observer. — If the observed 
eye be He, as already mentioned, the emitted rays have a divergent 
direction, and fall upon the observer's eye as divergent rays. If 
the observer accommodates for the apparent origin of these diver- 
gent rays, that is for the virtual remote point of the eye under 
observation, he will be able to bring the divergent rays to a focus 
on his retina and thus obtain a clear view of the objects on the 
fundus of the observed eye. The divergence is neutralised by the 
observer bringing his Ace. into action. If the observer cannot 
exercise sufficient Ace. for the purpose, or, in other words, if the 
virtual remotum of the observed eye be within the near point of 
distinct vision of the observer, clear vision of retinal objects on the 
fundus of the He. eye will not be obtained (see fig. 64). 




Fia. 64.— Rays BEACHiNa the Obsebveb*s Ete pbom an Eye which is Ho. 

Application of Obserratlons to DiagnoslB. — The application of 
the observations just described suffice to show whether the eye 
under examination is emmetropic or ametropic. The fact that no 
object on the fundus is defined, if any Ace. be exerted, proves that 
the eye is emmetropic ; the fact that objects are defined when Ace, 
is exerted, proves that it is ametropic, and further, if the eye be 
Mc, that the remotum of the Mc. eye is within the rang© between 
it and the distance of the observer. But more precise knowledge 
of the nature of the image seen by the observer is necessary in 
order to define the exact nature of the ametropia. This information 
is obtained in the following manner. 

Although the observer takes a position at a distance of a foot 
and a half to two feet from the patient at starting, he may find that 
he has to vary the distance considerably before obtaining a clear 
view of the fundus. He will then move himself backwards and 
forwards, so as to increase or lessen the distance, according to need, 
until a clear view of a part of the fundus is obtained. If the eye 
under observation be Emc, and the observer finds a difficulty in 
relaxing his Ace, he will have to bring the mirror close to the eye 
of the patient before he can obtain a view of the fundus. When 
the observer's eye is brought thus close, all Ace. relaxes spontane- 
ously, and the parallel rays emitted from the Emc. eye can then be 
focussed on the retina of the observer as easily as if they proceeded 
from an object at infinite distance. 

Erect and Inverted Images. — The observer, as soon as he has 
obtained a clear view of the portion of the fundus before him, fixes 
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upon a retinal vessel as a mark of observation. A vessel proceeding 
from the optic papilla forms a convenient mark, as it is conspicuous 
by contrast with the background over which it passes. Moving 
his head to one side, the observer watches the apparent movement 
of the retinal vessel he has selected as a mark. If the object 
regarded follow in its apparent movement the same direction as the 
head of the observer — if the observer on moving his head to the 
right sees the vessel move to his right also, he knows that he is 
looking at an upright image ; if, on the other hand, the object in 
its apparent movement follows a direction opposite to that of the 
observer's head — if the observer on moving his head to the right 
sees the vessel move to the left — he knows that he is looking at an 
inverted image of the object he has taken as a mark. 

Objectiye DiagnosiB of Em. — Applying the observations just 
described, if the observer, accommodating for the distance of the 
eye under examination, fail to obtain a distinct image of a retinal 
vessel, the eye may be regarded as neither Mc. nor He, but Emc. 
The conclusion will be rendered complete if the observer, carrying 
the mirror close to the eye he is examining, and no longer exerting 
Ace, is then able to see a clear enlarged image of a portion of the 
fundus, and if this image proves itself to be an erect image by 
moving in the same direction as the observer moves his head. 

Objeotiye Diagnosis of H. — If the obsei-ver, with the mirror at 
18 inches or farther, sees a distinct image of a portion of the fundus, 
and, marking a particular vessel, finds it move in the opposite 
direction to that in which he moves his head, it is evident that he 
has a Mc. eye before him. The image that he is seeing is an in- 
verted image formed at the remotum of the eye under examination. 
If the observer s near point of distinct vision is beyond the range 
of distance between his eye and the image, the image will not be so 
distinct as it will become when he moves himself farther away from 
it. If the remotum of the Mc. eye be farther off than the distance 
at which the observer can usefully employ the mirror for illumining 
the eye — a distance of 3 feet or more— no distinct image will be 
seen, and if a vessel can be distinguished it will move in the same 
direction as the observer's head, for the reflected r»ys emitted from 
this feebly Mc. eye will not have crossed before they have reached 
the eye of the observer. 

. Objectiye Diagnosis of H. — If the observer with the mirror at 
1 8 inches or farther sees an image of a portion of the fundus while 
accommodating for its apparent distance, and, marking a particular 
vessel, finds it move in the same direction as that in which he moves 
his head, the conclusion is that he has a He. eye before him. The 
image is seen more distinctly as the observer approaches the eye 
under examination until he has arrived at 5 or 6 inches from it. 
The objects seen do not appear so enlarged as they do in the Emc. 
eye when the observer's eye is brought close to the observed eye, 
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but the chief distinction between the condition of Em, and H. 
is to be found in the fact that no image can be seen in the Emc. 
eye at a distance of 6 or 8 inches, or further off, unless all accommo- 
dation is suspended, while in the He. eye the image is seen when 
Ace. is exerted in proportion to its distance and the degree of 
the defect. 

Objective Diagnosis of Ast. — The same indications may be 
turned to account in determining the existence of Ast. The indi- 
cations will vary in the two principal meridians in kind and degree, 
according to the nature and amount of Ast. presented. In mixed 
Ast. the indications will be contrary in one meridian to what they 
are in the opposite meridian ; they will correspond with those 
which characterise the Mc. condition in one meridian, while they 
will agree with those distinguishing the He. condition in the 
opposite meridian. If no Ast. be present in the observed eye the 
retinal vessels radiating over the fundus are seen in all directions 
with equal distinctness. 

Assessment of Ametropia by Eefraction Ophthalmoscopes. 

Description of Befraction Ophthalmoscopes.— These ophthalmo- 
scopes are used for determining objectively the state of refraction 
of an eye on the same principles as those on which the direct 
method of observation just described by the concave mirror alone 
is based ; but the mirror is furnished with a series of small convex 
and concave lenses with a view to determine not only the nature of 
any ametropia which may exist, but also to estimate its amount by 
ascertaining the power of the lens necessary for its correction. 
There are many forms of refraction ophthalmoscopes, differing in 
mechanical details, but in all the varieties the small correcting 
lenses are so arranged that they can be moved in rotation behind 
the mirror in such a way as successively to cover the sighthole 
through which the observer looks at the eye under examination. 
There are usually two superimposed discs behind the mirror, each 
carrying a certain number of lenses, arranged circularly near its 
outer border, and each capable of being rotated independently into 
any position at the discretion of the operator. I have found the 
refraction ophthalmoscope arranged by Dr. G. L. Johnson, of the 
Royal Westminster Ophthalmic Hospital, easy of manipulation. It 
is sold as ' Johnson's improved ophthalmoscope ' and can be em- 
ployed satisfactorily either for the direct and indirect modes of 
ophthalmoscopic examination or for keratoscopy. The lenses are so 
arranged that in applying them only one refracting medium inter- 
venes between the eye of the observer and the patient in all the 
lenses between —ID and — lOD inclusive, and between +1D 
. and + 8 D inclusive, while by the intervention of a second lens 
all the intermediate half-dioptrics and higher powers up to — 29 D 
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on the one hand, and + 23 D on the other hand, can be obtained. 
By this means, although twenty-one lenses are inserted in the two 
discs, a range of seventy lenses is obtained. Means are adopted 
for indicating at the back of the instrument the power of each 
lens brought before the aperture of the mirror. This ophthalmo- 
scope, like others of the same class, is also supplied with two con- 
cave mirrors, one small and of short focus, the other large and of 
long focus. The small mirror has a diameter of seven-eighths of 
an inch and a focal length of 3 inches, the larger mirror a diameter 
of 1'4 inch and a focal length of 18 inches. They are so connected 
and pivoted that either can be instantly brought into position as 
required. One forms a convenient mirror for direct examination 
close to the patient's eye ; the other is suitable for concentrating 
light on the fundus when used at a distance from the patient, as 
in the indirect method of examination or in keratoscopy. The 
reflecting surface of the smaller mirror is not level, having its 
plane parallel with the plane of the revolving discs, like the larger 
mirror, but is set at an angle of 35°, and beiug made to rotate 
round its own axis can be turned to reflect the light from and in 
any direction required. The examining surgeon, instead of in- 
clining the mirror, in order to obtain the fullest amount of light 
for reflection upon the eye of the patient, can effect the same 
purpose by rotating the mirror in its position, while he avoids the 
inclination which would otherwise be given to the correcting 
lens relatively to his own line of sight. Whatever the position of 
the inclined mirror, the principal axis of the lens used for correc- 
tion, and the visual axis of the observer, remain in one and the 
same line. The illustrations on page 113 show the arrangements 
of the parts which have just been described. 

Hanner of using Befiractive Ophthalmoscopes for Direct Obser- 
vation. — ^The small mirror is brought uppermost. As it is incon- 
venient for the observer to use one of the disc lenses attached to 
the mirror for correction of his own ametropia in case he is 
ametropic, he must either wear suitable spectacles or take his own 
error of refraction into account when he finds the lens which ap- 
pears to correct the ametropia of the observed eye. If the observer 
be Mc. he must subtract the power of the lens equivalent to his 
degree of M. from the lens which corrects an observed Mc. eye 
or must add it to the power of the lens which corrects an observed 
He. eye. If the observer be He, he will have to deduct the power 
of the lens representing his degree of H. from the power of the 
correcting lens of a He. patient ; he will have to add it to the 
power of the correcting lens of a Mc. patient. It is necessary 
also that the Ace. of the observer as well as of the eye under 
observation should be in abeyance. Holding the instrument 
upright, he then places the mirror as near to the eye to be ex- 
amined as can be managed, and rotates the mirror until he has 
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so adjusted it as to concentrate the light on the fundus of the eye 
under examination. At this close distance to the examined eye 
there will be little, if any, difficulty as regards the exercise of Ace. 






i''io. Go.— Johnson's improved Ophthalmoscope. 

A, bnrk of instrument, showing portions of the discs carrying tlie lenses ; b, front, with the 
two mirrors ; c and u, discs, with leaded ; K, hand e. 

by the examiner, and his eye will be adapted for focussing parallel 
rays. The light should be placed to the outer side of the eye to be 
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examined, and about 6 inches behind it. For this observation it is 
less embarrassing for the examiner to place himself on the same 
side of the patient as the eye to be examined — on the right side for 
the right eye, on the left side for the left eye. The patient should 
be caused to turn his eye upwards and inwards in such a direction 
as will bring the optic entrance in line with the observer's line 
of sight, and to look as far away as practicable in order to keep 
his Ace. relaxed. The handle of the instrument should be held in 
the hand of the observer, but his forefinger should rest on the 
margin of the wheel by the action of which the principal disc is 
turned, when, if it be the left hand, by pressing the disc from 
above downwards, or from left to right, the correcting lenses will 
be brought into position in an ascending series, and by pressing it 
in a reverse direction in a descending series. The value of each 
lens as it comes into place is shown on the back of the" instru- 
ment ; the figures being coloured red for the convex, white for the 
concave lenses (see fig. 65). The indications will then be as 
follows : — 

DiagnosiB of Ent — An enlarged and upright image of the optic 
entrance and retinal vessels is seen. The details of the image are 
clear, and are not rendered more clear by the intervention of any 
4- or — lens. It is necessary to be sure that the eye is not 
He, for in the He. eye the image may also be clearly seen by the 
observer if he use his Ace. and so focuses the emitted divergent 
rays. If, however, the eye is Emc. the intervention of a -+- lens 
of low power will change the direction of the parallel rays as they 
fall on the eye of the observer into converging rays, and the Emc. 
observer will then fail to get an image as clear as he did when 
the rays fell on his eye as parallel rays. 

Diagnosis of Degree of H. — ^The observer sees only a blurred 
and indistinct image of the fundus, for the rays falling on his eye 
have a converging direction. On rotating the disc and bringing 
the concave lenses in succession over the sight-hole, the image 
becomes gradually clearer, and is at last rendered distinct. The 
refractive excess of the Mc. eye is then neutralised, and the rays 
emitted from it after passing through the correcting lens fall on 
the observer's eye as parallel rays. They are changed into the 
same direction as if they were received directly from an Emc. eye. 
The power of the first, or least dispersing, lens which produces 
this result expresses inversely the degree of the M. The image 
may remain distinct, although a dispersing lens of higher power 
is placed behind the aperture of the mirror, but in this case part 
of the action of the higher concave lens is neutralised by the 
observer exercising a proportionate amount of his Ace. 

Diagnosis of Degree of H. — The image of the fundus is seen 
clearly with the mirror alone, if the observer can exercise Ace. so 
as to adapt his sight to the apparent distance from which the 
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divergent rays emitted by the eye under observation take their 
start. The observer tries the intervention of a + lens of low 
power. If the image remains clear the eye is He. ; the divergency 
of the rays emitted by it is lessened, but the observer still accom- 
modates for the apparent distance of the virtual remotum of the 
eye under observation, and so obtains a clear image of the fundus. 
The lenses are successively increased in strength until the image 
of the fundus is rendered more or less indistinct. The rays falling 
on the eye of the observer are now not divergent nor parallel, but 
have been rendered convergent. The refractive deficiency of the 
eye under observation has been more than supplied, and the eye 
rendered slightly Mc. The lens expressive of the degree of H. 
will therefore be either the last used, the strongest converging 
lens under which the fundus was seen clearly, or will be between 
it and the lens which has rendered the image of the fundus more or 
less confused. 

Bemarks on the Use of these Instruments. — Much practice is 
necessary before an estimate of the degree of ametropia can be 
formed even with approximate exactness in some instances. Errors 
are apt to arise from the observer not relaxing his Ace. completely 
or from failing to determine the precise limits of the maximum of 
distinctness of the images seen by him — at what point the dis- 
tinctness is greatest, or at what other point the distinctness begins 
to be lessened. Other sources of error occur in this method of 
examination. Theoretically the correcting lens ought to be situated 
at the anterior focus of the eye under observation, about half an 
inch in front of the cornea, but from the form of the instrument 
and the position in which it must be held for reflecting the light 
upon the pupil, the lens behind the mirror is practically an inch or 
so beyond this distance. The greater the distance of the lens from 
the anterior focus of the eye, and the higher the degree of ametropia 
of the patient, the less precise will be the estimate furnished by 
the power of the correcting lens. 

The allowance to be made on account of the various sources of 
error just referred to can only be arrived at after long practice with 
the instrument. The difficulties are increased when the refracting 
ophthalmoscope is employed for determining the relative differences 
of refraction in a case of Ast. 

Assessment of Ametropia by Keratoscopy. 

Keratosoopy.— Keratoscopy is a name given to a mode of deter- 
mining the refractive condition of an eye, which is now much 
resorted to, as it can be employed independently of active assist- 
ance on the part of the patient, can be accomplished rapidly, and 
the end attained in most cases with adequate precision, notwith- 
standing the presence of amblyopia. Keratoscopy does not depend 
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upon observation of the cornea itself, as the term would seem to 
imply, but upon variations in the aspects and relative movements 
of certain lights and shadows seen within the pupillary disc under 
special ophthalmoscopic arrangements. The term Retinoscopy is 
sometimes applied to the same method of observation, but this 
term fails to distinguish it from other modes of ophthalmoscopic 
observation of the retina, and the meaning of keratoscopif^ though 
faulty as an explanatory expression, is universally understood. 

Keratoscopy in Military Practice. — The practice of keratoscopy 
requires not only a mirror, either concave or plain, but al^o a com- 
plete case of trial lenses. As such trial cases do not form part of 
the regular equipment of military hospitals, military surgeons will 
rarely be able to avail themselves of this method of observation for 
deciding the qualities of vision in the cases submitted to their 




Fio. CO.— Abranoements necessahy fob Keratoscopy. 

The simple lines show the incident, and the dotted the reflected rays. These are, of coarse, 
not seen in nature. 

judgment, but must resort to other proceedings described elsewhere 
in this manual. Whenever trial cases of lenses are available, how- 
ever, by private means or otherwise, keratoscopy, when the art has 
once been acquired, will be found to possess many advantages, espe- 
cially in cases complicated with amblyopia or astigmatism. To be 
expert in the application of keratoscopy the surgeon must be pre- 
pared, as in other modes of estimating amounts of error of refraction 
objectively, to devote considerable time and attention to its practical 
acquirement. 

Arrangements necesfiary for Keratoscopy. — The pupil of the eye 
to be examined having been dilated, and the Ace. paralysed, by 
the use of atropine, when its employment is not for any special 
reasons objectionable, the patient, seated in a dark room with the 
lamp placed well behind him, is directed to look at a distant object 
just above the surgeon's head. The surgeon, having previously 
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corrected any error of refraction peculiar to himself by a suitable lens 
at the sight-hole of the mirror, seats himself at a distance of about 
3 or 4 feet from the patient, and lights up the eye to be observed 
by means of the mirror held vertically. The most convenient 
mirror for the purpose is a concave mirror whose principal focus is 
at a distance of from 1 foot to 18 inches. The illustration hardly 
indicates distance enough between the surgeon and the eye under 
observation. 

Appearances in Keratoscopy. — Observing steadily the illumined 
intra-pupillary disc, the surgeon rotates slowly the mirror on the 
axis of its handle, and on doing this the appearance of a dark 
shadow may be noticed at one of the lateral borders of the red disc, 
and, if the rotation be continued, the shadow will advance until it 
obscures the whole space of the disc. At a certain interval half 
the disc will appear illumined and half appear shaded (see fig. 67). 
If it be the half of the disc to the left of the observer which is 
obscured, while the half to his right is illumined, the shadow is 
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Fio. 67. — Appearance n Kekatobcopy. Ai>vance of the Shadow. 

advancing from left to right, as seen by the observer; if the 
shadowed and illumined portions be reversed in position, the 
shadow travels from the observer's right towards his left hand, so 
that the shaded part always marks the side from which the shadow 
travels, and the illumined part that towards which it is travelling. 
The exposed border of the shadow will sometimes be straight, some- 
times more or less crescentic in outline ; its intensity also, and rate 
of movement with reference to the movement of the mirror, will 
vary in different cases. 

It will be seen from the arrangement of the light and from the 
distance at which the observer holds the concave mirror, that the 
converging rays reflected from the mirror will meet and intersect in 
the air, and that, having crossed, they will then fall on the eye as 
diverging rays proceeding from the point of intersection, and will 
ultimately be brought to a focus, or will approximate to a focus, 
and will form a more or less defined image on the retina according 
to the refractive quality of the media of the eye under examination 
by which they have been acted upon in their passage. The part 



Digitized by 



Google 



118 



THE ILLUSTRATED OPTICAL MANUAL 



Chap. Ill 



of the retina outside the illuminated image will be in shadow. It 
is this shadow, dark by contrast with the illuminated part of the 
fundus, the movements of which, after the image and its surround- 
ing shadow have been acted upon in returning through the re- 
fractive media of the eye towards the eye of the observer, the 
observer examines in keratoscopy (see fig. 68). The more true 
and defined the image on the retina, the brighter will be its edge 
and the darker and more distinct the border of the shadow ; on the 
other hand, the more the image is confused by circles of diffusion, 
the more weak will be its illumination though more extended in 
area, and the less defined and the more crescentic in outline will 
be the border of the shadow. It follows, therefore, that it is in 




Fig. 68.- 



-Natube of the Ijioht and Shade observed in Kebatobcopy. 
Ibidial Shadows. 



A, plane mirror ; b, conoaTo mirror beyond focal distanoe. Incident rays diverging In both 
Instances, bat only crossed in the latter. 

the lower degrees of ametropia, where there is least diffusion, that 
the most defined shadows are presented to view, and, vice versd, 
that in the higher degrees of ametropia the shadows are less marked 
in character and outline. 

Nature of Keratoscopy. — ^It will be observed from what has 
been stated that the direction in which the light and shade alter- 
nate, or, in other words, the direction from which the shadow 
comes and to which it goes, does not depend solely upon the direc- 
tion of movement of the mirror, but, with the same movement of 
the mirror, will vary according to the refractive quality of the eye 
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under observation (see fig. 69, c, 1, and C, 2). In keratx)scopic 
observation, therefore, the surgeon first takes into account the 
direction in which he moves his mirror, and secondly, the direction 
in which the shadow follows the reflected light within the pupillary 
disc ; whether the path of the shadow is direct, or follows the 
light in accordance with the movement impressed on the mirror, or 
whether its path is inverted, the shadow following the pupillary 





Fio. 69. — Explanation of Appearances in Reratoscopy and Application to 

Practice. 

A, lateral movement of the shadow of the iris with pupillary aperture, In opposite direction 
to that of the mirror ; b, course of the shadow in the pupillary di^^c (p), contrary to the 
morementof the light; c, effect of difference in the refracting media of the eye : (1) 
movement direct, image on retina inverted, M. higher than 1 D ; (3) movement contrary. 
Km. or H. ; image on retina direct, H., Km. or M. of low degree. The feathered arrows 
show the movement of the light, the plain arrows the course of the shadow ; L, left ; 
B, right ; p, pupillary disc ; i, retinal image. 

light in the opposite direction to that of the movement given to the 
mirror. 

Estimating Ametropia by Keratoscopy. — These constitute the 
principal points to be noted so far as concerns the determination 
of the refractive quality of the eye under observation ; but, if the 
eye be ametropic, certain other points already alluded to have to be 
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noted in forming an estimate of the amount of the ametropia. The 
form of the edge of the shadow, whether linear or crescentic ; the 
kind of movement, whether slow or relatively quick ; the degree 
of brightness of the illuminated portion of the disc, and the defini- 
tion of the edge of the shadow ; all assist in affording means of 
estimating the amount of ametropia. There is, however, only one 
method of determining the degree of ametropia with precision, viz. 
by the use of trial lenses placed in succession before the eye under 
observation until the keratoscopic signs of the ametropia are caused 
to disappear or changed in character. 

Application of Keratoscopy in Practice. — The surgeon, patient, 
and lit^ht being in the relative positions and at the distances before 
described, and the patient's gaze being fixed on a distant object, 
especially if atropine should not have been employed to prevent 
exercise of accommodation, the surgeon proceeds to light up the eye 
to be observed. The eye of the patient should be so turned that the 
light neither falls on the macula lutea nor on the optic papilla, but to 
the inner side of both or on the retina below. The mirror is now 
rotated, and the order of movement of the light and shadow in the 
pupillary disc watched. The following will be the indications accord- 
ing to the nature of the movements observed : — 

1 . If the light and shadow follow the direction of the mirror, 
or in other words if their movement be direct, the eye is myopic, 
and the degree of M. indicated is higher than 1 D. The mirror, 
held at a distance of 3 or 4 feet, is outside and beyond the distant 
point of distinct vision of the examined eye. 

2. If, under the same circumstances, the light and shadow 
move in a direction opposite to that of the movement of the 
mirror — in other words, if their movement, is an inverse one — the 
eye is probably He, but either Em., H., or M. of a low degree may 
be present. If it be a case of weak M. the shadow is light, not 
strongly marked ; the mirror is within the distance of the distant 
point of distinct V. of the eye under observation ; the degree of M. 
is lower than 1 D (see fig. 69). 

To Ascertain Amount of M. or H. — A trial spectacle frame is 
placed on the patient, and, according to the nature oi' the ametropia 
diagnosed, either + or — lenses are placed in succession before 
the patient's eyes, until the shadow is caused to reverse its direction 
under the keratoscopic observation or becomes hardly noticeable. 
If the shadow has its direction reversed, the ametropia is more than 
neutralised, and weaker lenses must be applied until this reverse 
movement ceases, and the shadow is simply deprived of definition. 
The lens which produces this result gives approximately the 
measure of the ametropia. If the result is not similar in opposite 
meridians of the eye, astigmatism exists, and each meridian will 
have to be dealt with separately in the manner just described. 

Estimating Degree of M. — It will be observed that in diagnos- 
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ing and estimating M., the distance of the observer relatively to 
the distant point of distinct vision of the eye under observation, or 
the degree ol M., has an important bearing in the keratoscopic 
appearances. If the observer holds the mirror farther off than the 
remote point of V. of the eye under observation, the movement of 
the shadow is direct, as already mentioned ; but if the observer 
were to place himself within the distance of the remotum of the 
eye under observation, the movement of the shadow would be re- 
versed ; while if he were to place himself at the precise distance 
of the remotum, no defined shadow would be observable. 

If, therefore, the observer place himself at 1 metre distance or 
beyond, and the shadow move directly with the mirror, the eye 
under observation has M. higher than 1 D, while if the shadow 
move inversely as the mirror moves and the eye is Mc, the degree 
of M. must be less than 1 D. In the higher degrees of M. the 
refractive condition is easily recognised ; in the lower degrees of 
M., such as M. of 1 D or lower, the M. is not readily distinguished 
from Em. or a low degree of H. ; for the movements of the shadow 
bounding the image formed at such a distance from the eye under 
observation are hardly recognisable. But if on placing before the 
observ^ed eye a + lens of low power, such as one of half a dioptric, 
the direction of movement of the shadow is seen lo be changed — 
from moving inversely to moving directly — there is no doubt the 
case is one of low M, and that the small addition of the + 05 lens 
has given it the usual character of M. of a higher degree. If it 
were a case of H., so small an addition would not have sufficed to 
neutralise the He. deficiency of refraction. 

Estimate and Correction of Ast. by Keratosoopy.— The correction 
of Ast. by keratoscopy is effected on the same principles in each of 
the meridians, but the process is one which requires amsiderable 
practice in order to accomplish the desired results with accuracy. 
If a shadow in a vertical direction differ in definition or intensity, 
or show a different rate of movement from the shadow in the 
horizontal direction, or if the shadows assume an oblique direction, 
it may at once be assumed that Ast. exists which requires correc- 
tion. Each meridian is corrected separately, and the eye after- 
wards tested with the combined spherical and cylindrical lenses 
before it, and when the ametropia appears to be neutralised in all 
directions, it may be assumed that the glasses are correct. If the 
shadows are not vertical and horizontal, but have an oblique direc- 
tion when the mirror is moved in the ordinary way, the obliquity 
of the astigmatic meridians will be in a corresponding direction. 

Keratoscopy with the Plane Mirror. — Tf under similar circum- 
stances to tho^e just described the surgeon uses a plane mirror at a 
distance of 3 feet or beyond, on observation of the eye under exami- 
nation the effects will be found to be the reverse of those met with 
when the concave mirror was used. The shadow will follow the 
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same path as if the obsen^er were watching the retina itself, or 
vessels on the retina, and observing the manner in which these 
objects move relatively to the movements of his own head in direct 
illumination of the observed eye. If the eye under examination 
be Mc. and the M exceed 1 D, the shadow will move inversely as 
the mirror is moved ; if the shadow move directly in accordance 
with the movements of the mirror, the eye is either Emc, He, or is 
Mc. in inferior degree to 1 D. In the Erac. condition the shadow 
has only moderate saturation, though it may be well defined ; in 
H. the saturation and definition of the shadow are increased in 
proportion to the increase in degree of H. ; in M. the definition 
and depth of the shadow also vary according to its degree. With 
M. higher than 1 D, the image of the illumined portion of the 
fundus and the shadow, which is a real image formed between the 
mirror and the observed eye, is well marked ; with M. lower than 
1 D, the image is erect and virtual, not formed in front of the 
mirror, and the shadow is wanting in distinctness and saturation. 



CHAPTER IV. 

AccoMMODATORY FUNCTION OP THE EYE— Act of Accommodation— Demand 
for Aoc. — Mechanism of Ace.— Power of Ace. — Expression of Amount of 
Ace. — Measure of Amount of Ace. — Repfion of Ace. — ^Association of Conner- 
pence and Ace.— rBESBYOPiA — Definition — Optical Conditions— Causes — 
Diminution of Ace with Age— Abnormal Pr.— Symptoms of Pr — Diagnosis 
^Determination of Degree of Pr.— Examples — Correciion of Pr.— Range of 
Ace. in Presbyopic Vision — Pr. with M.— Pr. with H. 

AccoMMODATORY FUNCTION OF THE EyE. 

The conditions previously described, viz. those of Em., M., H., 
and Ast., depend upon persistent qualities of eyes. It may be 
supposed tHat the quality of an eye, so far as concerns either one 
of the conditions just named, would remain the same whether the 
eye, if physically unchanged, be a living eye, or whether it be 
disconnected from the human body. It is simply a quality which 
is de^ermined by the forms and refractive powers of the several 
dioptric media of the eye acting in concert, or of the whole of the m 
together regarded as a single lens, relatively to the position of the 
retina. 

The eye has the power, however, under certain circumstances 
of changing its refractive adjustment. If it were not so, the eye 
would be adapted for clear vision at one distance only, viz. that of 
its distant point. The Emc. eye would only see objects clearly at 
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infinite distance ; the Mc. eye at its limited distant point ; the He. 
eye would not see objects clearly at any distance. The function, 
by means of which the eye is able to see objects clearly at different 
distances, is called the accomrnodatory function^ or, briefly, accommo^ 
dtition. The discharge of the function constitutes what is known as 
the act of accommodation. 

Act of Acoommodation. — ^This act is performed on all occasions 
when vision is transferred from a relatively distant to a nearer 
object. If two pages of print are placed a few inches apart before 
the eye, with an opening in ^ the nearer page, the eye while 
reading through this opening the print on the more remote page 
is unable to recognise any of the words on the near page. To read 
the words on the near page, although they are closer, the eye, in 
common language, must * look at them ' ; and on reading them 
the eye ceases to be able to recognise the words on the more remote 
page, athough they are within reading distance and may be directly 
opposite to the eye. The same effects may be noticed in looking 
at a landscape through a pane of glass, and then at some small 
object on the glass itself. The term ' looking at the object ' here 
signifies performing the a-ci of accommodation. If carefully observed. 



Fio. 70.— Deiiand for Acc. (see explanation in text). 

the act of accommodation will be noticed to be accompanied with a 
sense of muscular effort. If the parts concerned in the proceeding 
happen to be inflamed, as occurs in iritis and other morbid states, 
the act of accommodation is accompanied with considerable, often 
acute, pain ; and one among the other advantages of the use of 
atropine in the treatment of iritis is that it stops the act of 
accommodation by temporarily paralysing the structures on which 
the function depends, and so averts the pain that would be caused 
by its exercise. 

Demand for Acc. — The need for the exercise of Acc. increases 
in proportion to the proximity of objects, or, in other words, to the 
increased divergency of the rays proceeding from objects as they 
are placed nearer to the eye, so that these more divergent rays 
may still be brought to a focus on the retina. If the angular 
difference between a given remote and given near point be equal 
to the angular difference between some other two relatively remote 
and near points, the amount of Acc. exerted in the two cases will 
be alike, irrespective of the length of range over which the Acc, 
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may be exercised. Thus in fig. 70, as there is no angular dif- 
ference between PAB and BAG, an eye in transferring vision from 
an object B to another object placed at c will employ the same 
amount of Ace. as in transferring vision from an object at infinite 
distance from which the parallel rays PP are derived, to another 
object at B, although the range is very difierent in the two in- 
stances indicated. 

Meohanism of Ace. — The act of Ace, which in ordinary 
optical instruments is efiected by altering the mechanical adjust- 
ments subordinate to the lenses, in the eye is efiFected by changes 
in the form of the crystalline lens itself The distance of the sur- 
face on which the images are received, the retina, from the firont 
of the refractive media, the cornea, remaining the same, it can only 
be by increasing the refractive power of the eye that the more 
divergent rays from nearer objects can still be brought to an exact 
focus at the distance of the plane of the retina. Various experi- 
mental observations have proved that the agent in affording this 
increase of refractive power is the crystalline lens ; and, indeed, 
that this lens does become more convex, and so more refractive in 
exact proportion to the increased nearness of objects looked at by 
the eye, has been demonstrated by various investigators, and 
especially by Professor Helmhaltz by means of his ophthalmometer. 
The anterior ix)le of the crystalline lens advances, while the 
diameter of its equatorial circumference is lessened, the whole 
anterior surface being thus rendered more convex and coming 
nearer to the cornea in proportion to the nearness of the objects 
to be observed. This dynamic increase of refraction gives way 
when objects farther off are to be observed ; and when objects at 
a distance of 20 feet or beyond, from which rays proceed in nearly 
parallel lines, are looked at, the lens resumes the form which belongs 
to its state of repose. When no Ace. whatever is exerted, ra) s of 
light entering the eye, so far as regards the direction which they 
subsequently assume, are influenced by the stationary refractive 
quality of the eye alone ; and although this permanent quality 
may be added to by the exercise of the function of Ace. as just de- 
scribed, there are no means provided within the eye by which it 
can be lessened. 

The production of the changes in the form of the lens de- 
pends principally on the action of the ciliary muscle. The iris 
has ceased to have any power of action or has even been totally 
absent; the external ophthalmic muscles have all been paralysed; 
and yet the accommodatory faculty has remained unimpaired. 
This faculty cannot, therefore, be dependent on the influence of any 
of these structures as it was formerly supposed to be. 

A further proof that the ciliary muscle is the agent, and the 
crystalline lens the anatomical structure acted upon by it, in the 
production of Ace, is the fact that whatever paralyses the ciliary 
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muscle, by paralysing the motive power, stops the faculty of Ace, 
while the displacement or absence of the crjstalline lens on which 
the ciliary muscle acts, equally arresfs the faculty of Ace. The 
use of atropine, and conditions of disease interfering with the 
nervous supply to the ciliary muscle by the third pair of nerves, 
stop the faculty of Ace. It is equally arrested by removal of the crys- 
tal ine lens in the operation for cataract, or by its dislocation from 
accidental injury. 

It is supposed by some that the circular fibres of the ciliary 
muscle, contracting in the manner of a sphincter, exert through 
the medium of the ciliary processes and the unyielding fluid in the 
canal of Petit a pressure on the equatorial circumference of the 
lens, and thus cause it to change its form for accommodation. 
Just as in the case of the iris, the circular fibres here referred to 
are antagonised by others disposed radially and forming the great 
bulk of the ciliary muscle. Indeed, but for the contractile reticu- 
lated structure fill'ng up the s^iace between the ciliary murcle and 
sclerotic (canal of Schlemm), the radiating fibres would be pre- 
dominant. This will be at once apparent on referring to the 
vertical section of the forepart of the eye shown on the frontispiece. 
The meshes of the network are generally rhomboidal in form, with 
the long axis in the vertical direction, so that when their connec- 
tions wi'h the sclerotic are severed, they present the appearance 
of a circular muscle, and, indeed, hav(^ been described as such by 
my late colleague Inspector-General Dr. Macdonald, R.N. By the 
action of this structure, while the sclerotic is drawn inwards, 
a centripetal pressure is exerted upon the ciliary circle and muscle, 
which latt^er it would therefore antagonise, and so tend to increase 
the refractive power of the lens in the manner above explained. 
Though scarcely perceptible to us, the strain involved in the func- 
tion of Ace. is very considerable, and amply accounts for the 
gradually increasing thickness of the hyaloid as it passes behind 
the capsule of the lens. 

Power of Ace. — The total power of Ace. corresponds with the 
degree in which the function of Ace. can be exercised, or, in other 
words, with the amount of dynamic refraction available. The com- 
plete amount of power of Ace. is represented by the Ace employed 
when the near point of distinct vision is obtained. As the position 
of the near point of distinct vision depends on the accommodatory 
power being exerted to its fullest amount, this near point also 
furnishes an index to the limit of the power of Ace. 

Expression of Power of Ace. — The power of Ace. exerted in 
order to obtain distinct vision at the nearest point at which an eye 
is capable of seeing objects clearly may be measured and expressed 
by the power of a converging lens, which, on being placed before 
the eye, will give clear vision at the seme distance without the eye 
exerting any accommodatory power at all. If an eye be Emc. the 
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stationary refractive power of its dioptric system is such that 
parallel rays of light proceeding from objects at infinite distance 
are brought to a focus on the retina, and while no Ace. is 
employed, it can only bring such rays to a focus at the plane of 
the retina as have a parallel direction with each other when they 
fall on the eye. It is evident, then, that a lens added to it which 
will represent the additional refractive power that the eye can 
obtain by bringing into play the whole of its Ace. must be such a 
lens as will cause the rays of light proceeding from objects at the 
distance of the nearest point of distinct vision of the eye, after 
passing through the lens, to impinge on the eye as parallel rays. 
The eye otherwise would not be able to bring the rays to a focus 
on the retina. The principal focus of this lens nmst therefore be 
at the same distance as that of the nearest point at which clear 
vision can be obtained. The rays starting from this near point, or, 
in other words, from the principal focus of the lens employed, will 
then be rendered parallel as they fall on the eye (see fig. 71). 



10 D 




Fio. 71. — Power of Accommodation. 

K, Emc. eye in repose and adapted for fooiis&lng parallel rays. The 10 D lens, l, represents 
the amuuut of Auc. wliich must be exerted to enable E to see an object at a dimtAuce of 
four inches. 

If, for example, an Emc. eye can obtain, by the full exertion of its 
accommodatory power, clear vision of objects at a distance of 4 
inches, or one-tenth of a metre from itself, then, without any Ace. 
being exerted a + 10 D lens, whose principal focus is at the same 
distance, will effect the same result. This lens, therefore, will re- 
present and give the measure of the full amount of Ace. possessed 
by the eye under consideration. If the duodecimal or inch system 
of notation be employed, the power of the lers representing the 
measure of the Ace. exerted will be ^ ; if the metrical system be 
employed, the |X)wer of the lens representing the measure of the 
Ace. will be 4- 10 D. 

Measure of Power of Ace— It is constantly a matter of impor- 
tance in ophthalmic examinations to determine and define tlie 
amount of power required for adapting V. from an object at some 
known distance to another object at some known nearness, and 
Professor Bonders gave the following formula by which it can be 
readily found and expressed : — 

111 
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In this formula R is the measure of distance of the remote point 
for which the eye is primarily adjusted, whether expressed in inches 
or centimetres ; P is the measure of the nearest or proximate point 
for which the eye becomes adjusted when Ace. is exerted; a is a 
convex lens, which, by its action on the divergent rays coming from 
the proximate point P, so lessens their divergency that they follow 
the same path, after passing through the lens, as was followed 
by the rays coming from the remote point R, without the lens ; 
and -^ is the power of this lens. It is obvious that the eye, in 
transferring vision from any remote point, R, to any near point, P, 
must so alter its focal adjustment as to act on the more divergent 
rays from P exactly in the manner attributed to the supposed lens 
A, and must exert a power of accommodation equivalent to { 5 
^ therefore represents and expresses the difference in the Ace. re- 
quired for vision at P as compared with that required for vision at 
R (see fig. 72). 

Thus, to apply the formula to the example above given of an 
emmetropic eye adjusted for infinite distance in a state of rest, and 
capable of altering its focal adjustment by the exercise of Ace , so 
as to see clearly small objects as near as 4 inches : ^ = ^ — i = ^, 
or the power of Ace. will be equal to i. In other words, the 
eye, in altering its adjustment from clear vision at infinite distance, 
when no accommodatory exertion was required, to vision at a 
distance of 4 inches, has exercised its accommodation, and has 
increased its refractive power to an extent equivalent to a 10 D 
lens, or a lens whose principal focal distance is at a distance of 4 
inches from its centre. Thus when the position of the near point 
of distinct vision in an Emc. eye is found, the total amount of Ace. 
is also found. In the same eye, if vision be transferred from an 
object placed at 20 inches ' distance to another object only 10 inches 
off, the formula shows that the amount of Ace. employed in the 
proceeding, or '-, = yV — ^o = ^it, ^^ ^ D. 

In a Mc. eye, whose farthest point of distinct vision in a state 
of rest is 12", and whose nearest point of distinct vision by the 
exercise of Ace. is 3'', ;^=^ — ■^^^ = ^, or the total power of Ace. is 
equal to 10 D. In other words, this eye, in altering its adjustment 
for vision at a distance of 12 inches to vision at the nearer distance 
of 3 inches, has increased its refractive power to an extent exactly 
equal to that of the Emc. eye quoted in the previous paragraph, 
which transferred its vision from an object at infinite distance to 
another at 4 inches' distance, viz. to an extent equivalent to that of 
a 10 D lens, or of a lens whose principal focal distance is 4 inches. 
In each case the power of accommodation exerted is =10 D. 

To determine the amount of Ace. for a He. eye, the total 
amount of H., or refractive deficiency, must be first found, and sub- 
sequent ly the position of the near point of distinct vision when H. 
is corrected. The lens which corrects H., added to the lens whose 
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principal focus is at the same distance as that of the near point, 
gives the total amount of Ace. Thus if H. = — 2 D, the correcting 
lens will be a 4- 2 D lens, and if the near point when this lens 
is in use be at 20 inches' distance, an equivalent 4- 2 D or -r ^o" 
lens must be added, and x = ^V"*"iV=TV^r^^- A + 4D convex 
lens or a lens of 10'' focus represents the Ace. necessary for ob- 
taining a near point of distinct vision at 20 inches' distance for an 
eye that is hypermetropic 2 D. 

Under the metrical system, instead of the formula i==^ — ^i the 
formula Ace. =pD— rD will furnish the refractive power of the 
equivalent lens (see fig. 72). Thus in the examples above given, as 
regards the emmetropic eye, in the first instance Ace. = 10 D— oo 
= 10 D, in the second inst^ince, Acc.=4 D — 2 D=2 D ; as regards 
the myopic eye, Acc. = 13-33 D — 3-33 D = 10D; as regards the 
hypermetropic eye, Ace. = 2 D + 2 D=4 D. 

Aee . 



rD 



L 

FlO. 72.— MEA8UBE OF PoWER OF ACCOMMODATION. 
Acc.spD -rD ; /, the priucliMd focua of the lens, L. 

Influence of Varieties of Eeficaotion on Aoc— The power of Ace. 
is similar in all eyes that are healthy in condition, whatever may 
be their refractive qualities, at corresponding periods of life. 

Region of Aoc. — ^The range, or latitude, or region of Ace. sig- 
nifies the particular tract over which an eye can see clearly, extend- 
ing from the most distant to the most near point of distinct vision ; 
or, in other words, comprehends the space between the distant 
point of distinct vision and the near point of distinct vision through- 
out which an eye can adjust itself so as to obtain clear images of 
objects. As shown in the preceding paragraph, an equal power of 
Ace. may be exerted over regions which vary very greatly in regard 
to position end extent of space. In the first example a power of 
Ace. equal to a 1 D lens is associated with a region of Ace. which 
extends from infinite distance to a near point at 4 inches' dis- 
tance from the eye. In the second example the same power of Ace. 
exists with a much more limited region of Ace, viz. one whose 
limits are between a distant point of 12" from the eye and a near 
point of distinct vision at 3" from the eye — that is, a region of 9 
inche«». 

Although, as already stated, the p^nrer of Ace. is alike in all 
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eyes of healthy condition at corresponding ages, the reijion of Ace. 
differs at corresponding ages in different eyes according as they are 
Emc, Mc, or He. 

Association of the Internal Eecti and Ciliary Muscles in Accom- 
modation. — When an object situated in a phine midway between 
the two eyes, and at a short distance in front of them, is looked at, 
the two internal recti muscles, in giving the necessary direction to 
the two eyes for the visual lines to meet in the object, act concur- 
rently with the ciliary muscles in their action for obtaining the 
amount of Ace. which is required to secure accurate vision of the 
object at the distance at which it is placed. Clear and disembar- 
rassed vision of a near object can only naturally be obtained when 
the functions of Convergence and Ace. are in due harmony. There 
id no reason for believing that the internal straight muscles have 
anys|)ecific influence on the production of Ace, nor any influence 
beyond what results from their action in bringing the eyes into a 
favourable position for receiving the diverging rays proceeding 
from near objects, or, in other words, for effecting a right direction 
of the visual lines. 

When the internal straight muscles are put into a condition of 
great tension for effecting a high degree of convergence, they may, 
perhaps, act as a iwint (Tappid, as it were, on which to base greater 
efforts on the part of the ciliary apparatus, and in this way they may 
lead to an increased amount of Ace. and to clearer images being 
obtained of the near objects under view. The general action, how- 
ever, of the internal recti muscles, as regards Ace, is an associated 
not a controlling one. The extent to which the two functions are 
employed in their associated action is liable to variations. When 
the two eyes are directed to a small object at a fixed distance, and 
the object is seen clearly, under normal conditions the Convergence 
and the Ace. may bii assumed to be in precisely due proportion. 
But when two prisms of small refracting angles are placed before 
the eyes in the manner described at p. 32 (socj Prisms), the object may- 
still be seen with precision, so that while the degree of Convergence 
is altered the Ace. remains unchanged. On the other hand, while 
looking at the same object, if instead of the prisms w^eak -f or — 
glasses within certain limits are placed before the eyes, the object 
may still be seen clearly, so that now, while the degree of conver- 
gence is unaltered, the amount of Ace. is changed. The Ace. re- 
latively to the convergence is, therefore, not a constant quantity, 
and the relations between the two functions are found to differ in 
different persons. As, however, the convergence of the eyes in- 
creases in proportion as the object required to be seen is brought 
nearer to them, and the demand upon the accommodatory muscle 
must also increase at the same time, the actions of the internal 
recti and of the ciliary muscles are under normal conditions of 
necessity intimately and, for the most part, are almost proportion- 

K 
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ately associated. It is essential that the facts of the intimate 
association of these two functions when they are free to act in 
concert, and of the difficulty of converging the eyes without the 
accoinmodatory force associated with the degree of convergence 
concerned being involuntarily called into action, should be fully 
recognised, for they explain many phenomena in visual diagnosis 
which without this knowledge would not be understood. 

If, under any circumstances, the correlation between the action 
of the ciliary muscles in Ace. and the action of the interni recti in 
convergence, be very largely disturbed, a painful and almost intoler- 
able sense of strain is experienced as the result. This has been 
illustrated experimentally by Mr. Brudenell Carter in a very simple 
manner. Let a young person with Emc. eVes put on convex 
spectacles of five dioptrics and attempt to read with them. The 
strain and tension of the eyes will soon become unbearable. He 
will be very nearly in the same condition as a person having M. of 
five dioptrics who is reading at his distant point of distinct vision. 
He will be converging to a point at 8 inches' distance, while there 
will be no demand for the exercise of Ace. In the myope, his 
amount of M. takes the place of Ace. at the di^stance named; the 
convex glasses replace it in the case of the emmelrope. On this 
Mr. Carter observes : * It may be shown by a simple experiment that 
this strain is not due to the convergence effort per se, but solely to 
the fact that the convergence effort is made during repose of the Ace. 
If we combine with the conv^ex lenses prisms with their bases 
inwards, of sufficient power to rest the convergenre as well as the 
Ace, reading immediately becomes easy. If we then give the same 
person concave spectacles, such that he is able to overcome them by 
Ace, and bid him look at the horizon, the strain upon his eyes will 
again become unbearable. He will be exercising a good deal of 
his Ace. to overcome the glasses, but he will be exercising no con- 
vergence, because the distance of the object of vision requires that, 
for the sake of fusion, he should keep his visual lines parallel. 
We may relieve the strain instantly by placing before the concave 
lenses prisms with their bases outwards, which will call for a con- 
vergence effort in addition to the Ace. effort ; so that we create 
strain by causing either function to be performed singly, and we 
relieve strain either by placing both at rest or by calling both into 
play.' ('On Defects of Vision, &c.,' Lond., 1877, p. 138.) 

Presbyopia. 

Definition. — Vision of old age, or a condition of sight which, 
owing to contraction of the range of Ace. due to advance of years, 
does not permit very small objects to be accurately defined and dis- 
tinguished at the proximity necessary for their proper recognition. 
The absolute ' near point * of distinct vision is removed further 
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than 8 inches from the eye, while rays from objects at relatively 
remote distances are still brought to a focus upon the retina, in the 
same way as they would be irrespective of the Pr. 

Optical Conditions. — There is no change in simple Pr. as regards 
the stationary refractive quality of the eye, or, in other words, as to 
the eye in its state of repose ; it may be Emc, and neither concave 
nor convex lenses improve the sight for distant objects. But the 
necessary change of form of the crystalline lens cannot be obtained, 
or, in other words, the dynamic refractive power of the eye cannot 
be sufficiently exerted, for bringing the more divergent rays from 
very near objects to a focus on the retina. 

Canses. — Natural changes from age. The near point of distinct 
V. recedes in all eyes progressively with increasing age ; the change 
is a normal one, and advances with advancing years. The recession 
of the near point commences early in life. The following table 
shows the decrease which observation has shown to take place in 
the power of Ace. at various periods between 10 and 75 years of 
age. The decrease of Ace. is expressed in dioptrics, and the rece- 
dence of the near point of distinct vision at the corresponding 
periods of life is shown in English inches. 

Table thowing the diminvtif>n in ptitver o^ Acc.^ and the aynrespoiiding changti in 
the digtanee of the iwar ptiint of distinct vition, as year* adcunce. 



Yeara 
10 


Dioptrics 


Lng isli inches 


YCJIH 


Dioptric) 


Eng'ish inches 


lH-5 


2im 


45 


3 /:0 


1 1 -50 


15 


12 


3-33 1 


.oO 


2o() 


16 


20 


10 


4 1 


55 


1-75 


23 


2o 


860 


4-70 1 


60 


1 


40 


HO 


7 


6 


r.5 


0-75 


53 


35 


.5-50 


7 33 ; 


70 


()'25 


160 


40 


4-50 


i> ! 


75 





— 



The change in Power of Ace, and the course of the proximate 
limit of distinct vision p.p. in the Emc. eye at different ages of 
life, is very plainly exhibited in the diagram on p. 132, copied from 
Bonders (Ch. v. § 17), while it also represents the change in re- 
fractive power, and, consequently, in the far point of distinct vision, 
r.r., of the Emc. eye in advanced years. The diminution in the 
range, or full amount, of Ace. may be further recognised by 
observing the different distances at which P.P. and r.r. are sepa- 
rated from each other at different periods of life. 

The recession of the near point of V. shown in the Table above 
is solely attributable to diminution in accommodatory power. As 
already explaineH. exertion of this faculty is called for in proportion 
to proximity of objects or divergence of rays. The gradual decrease 
of this faculty seems to be due to the crystalline lens becjming 
more and more firm with increasing years, so that the same 
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amount of alteration in its form cannot be effected. It is doubtful 
whether changes in the structure and curvature of the cornea may 
not also assist in causing the difficulty of adapting the eye for near 
vision* 

From the explanation just given of the nature and causes of Pr. 
it is evident that not only when an eye is Emc, or lie, but also if 
it be Mc, it may equally become subject to Pr. from age. When- 
ever the actual near point of distinct vision becomes removed 
further than 8" from the eve, Pr. has arrived. 

Tuhle exhihiiing the cknnget in aceommcdtnion in an cmmetrojfUt eye at differertt 

j.eriods of life. 



P.iris inches 

10 16 



n 



n 

3 
3| 
4 

6 
8 
19 
24 
oo 
-1:23 



Years of Life Diojftrir-? 

20 25 30 35 40 45 60 65 60 66 70 75 80 

16-5 

15 

13-5 

12 

10-6 

9 

7-5 

G 

4-5 

3 

1-5 



-1-6 






The s^idc flptiroB phr.w the amount of Ace. expressed In French Inches and in Dioptrics, 
r p Bhowa the coiirs • of the proximate, r r of the remote, | oiut of distiuct vision. The 
distance between the two lines i' i* and r r Indicates the ranjre of Ace. 

Abnormal or False Pr. — Diseased conditions, such as interference 
with the elasticity of the lens capsule by posterior synechia? after iritis, 
morbid changes in the structure of the capsule of the crystalline 
lens or lens itself, paralysis, complete or partial, of the ciliary muscle, 
and any diseases inducing great constitutional debility, may increase 
the presbyopic condition temporarily or induce symptoms similar 
to those of Pr. Presbyopic vision resulting from these causes should 
be regarded as abnormal and distinguished from True Presbyopia, 
the result or normal changes from advancing years or old age. 
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Symptoms. — Normal Pr. is not usually complained of by persons 
with Emc. vision till after 40 years of age, generally not till 45 
years. The degree of complaint will vary according to the size of 
the objects the subject of Pr. habitually deals with. The piesbyope 
says that, though he can see as well as formerly at a distance, he 
finds it troublesome, or even painful, to try and recognise small 
objects near him. In reading he has to remove the print farther 
and farther from liis eye. Although he can for a short time, by 
much exertion, read at a distance of 8 or 10 inches from the eye, the 
letters soon become misty, his eyes ache, and he is compelled to 
remove the print farther away. Then, on account of the distance 
he has to hold the print, he cannot see the words accurately. 

The difficulty is greater in the evening with artificial light than 
during the daytime with sunlight, and he sees best when he holds 
a candle or lamp close to the page of the book he is looking at. 

The deterioration that takes place as age advances in the 
transparency of the principal dioptric media which is perfect in 
healthy eyes in the earlier period of life, and the haziness with 
more or less tinge of colour in them when age is far advanced, 
prevent ordinary sources of light from giving the full amount of 
contrast between the white and black parts of a printed page or 
between the lights and shadows of other objects, and thus prevent 
the images of the objects themselves from being impressed on the 
retina with the same vividness as in former earlier years of life. 
This condition, together with the greater distances at which small 
objects have to be held, and consequently the lessened amount of 
light reflected from them at such distances, combine to explain the 
difficulty old persons meet with in reading or doing fii e work 
without the assistance of a strong light upon the objects in view. 
One advantage in the correction of Pr. is that the need for such a 
strong light is considerably lessened, because, afler correction, the 
print or other small objects can be brought near to the eyes and 
yet sufficiently recognised. 

The nearest point of distinct vision can only be attained by 
extreme exertion of tlie ciliary apparatus, and, when this state of 
tension is produced, it quickly causes fatigue. It is to obviate this 
annoyance that objects are removed further off than the actual 
near point, but then, if the objects are very small, their retinal 
images become too minute, and the light emitted by them too 
diffuse and too diminished for easy recognition. The objects are 
again brought nearer to the eye, the ciliary strain is again induced, 
and this course, on being persevered in, gives rise to ocular aching, 
super-ciliary pain, headache, and vertigo, until at last a stop is 
put to the power of doing the fine description of work in which the 
patient may have been occupied. 

Diagnosis. — The age of the patient, with the usual evidences 
of the adjustment of the eyes for parcJlel rays if the patient be 
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Emc, as explained under Em., and the distance of the near point, 
sufBcieiitly distinguish Pr. from any other affection. When eith«*r 
M. or H. co-exists with Pr., there will be the evidences already 
described of these conditions in addition to the fact of the near 
point of distinct vision being distant beyond 8'' from the eye. 

To Determine fhe Degree of Pr. — As Pr. is generally held, in 
accordance with the limit laid down by Professor Bonders, to exist 
when the near point under binocular viaion has receded beyond 8" 
from the eye, the degree of Pr. is determined by finding the focal 
power of the convex lens which will bring back the near point to 8". 

The amount of Pr. is the amount of the accommodatory power 
which has been lost from that which previously enabled the person 
to work continuously at fine work at 8'' distance from the eye with- 
out strain or fatigue, relatively to the remainder which now only 
admits of clear vision at some distance beyond 8". The convex 
lens which will so add to the refractive power of the eye as to bring 
back the near point to 8" substitutes itself for the accommodatory 
power which has disappeared from the eye itself, and therefore 
serves as an expression for the missing power, or, in other words^ 
for the degree of presbyopia. 

The refracting value of the required lens is found by using the 
formula which has been already explained as serving for an expres- 
sion of power or latitude of accommodation, viz., x = i — 5, or the 
formula, Ace. = ^D — rD. As ^i or Ace. thus determined, repre- 
sents the missing latitude of Ace, Pr. may be substituted for either ; 
BO that Pr. = ^ — g, or pD — rD, The proximate point P, or pD, 
is here 8^' or 5 D, because that is the distance of the visual near 
point for which a substitute for the lost Ace. is required, and to 
which the refractive power of the eye is to be adjusted. 

The remote point, R, is the distance to which the natural near 
point has receded owing to Pr., or the distance up to which Ace. 
is missing. 

Examples. — Suppose the near point has receded to 12" dis- 
tance from the eye; then Pr.=z^ —-^^^^-^^ or 5D — 3 34D = 
1-66 D (24-09" Eng.). If it has receded to 24" distance, then 
Pr.=|-^ = ^i^, or 5 D- 1-66 D=3-34D (11-97" Eng.). 

To Determiae the Correcting Lens. — The same formula that 
determines the amount of accommodatory power which is missing, 
determines the focal power of the lens which must bo added to 
the eye to act as a substitute for it. Thus in the example first 
given, in which the Pr.=^^^, or 1*66 D a -f 24" lens, or a lens of 
1-66 D, will neutralise the Pr. ; in the second, a +12" or 3-34D 
lens. With the aid of these lenses, viz. convex 1*66 D and 3'34 D, 
the presbyopic patients will be able to do fine work at 8" distance 
from the eye as if the near point of distinct vision of the eye itself 
were at that distance. 

Power and Eange of Accommodation in Presbyopia. — The po>ver 
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and range of Ace. of the presbyopic eye diminish in proportion as 
the Pr. increases, or, in other words, in proportion as the Ace. for 
near objects is lost. Thus in the Erne, person whose remote point 
of distinct vision is at infinite distance, at about 10 years of age 
the power of Ace. is f^— i = s4^, or 14 D; at 20 yearsis |— :i=|-, 
or 10 D ; at 30 years ^-4=^, or 7 D ; at 40 years ^ -i = ^, 
or 4-50 D ; at 50 years ^-iy or -^^ or 250 D ; at 60 is ^j^- i or 
1^, or ID; and at 75 is 0. The power of Ace. is thus shown to 
be considerably lessened as age advances. While the boy of 10 
years of age can increase the refractive power of his eye to the 
amount of 14 dioptrics, the man of 30 can only increase it to about 
7, of 40 to 4*5 dioptrics, while at 75 the power of adding to the 
refractive power of the eye, or the accommodatory power, has 
disappeared altogether. 

Presbyopia with M. — As the power of Ace. is alike in all eyes 
at corresponding ages, and as the distant point of distinct vision is 
nearer to the Me. eye than it is to the Erne, eye, it follows that 
the near point of distinct vision will be nearer to the Me. eye than 
it is to the Emc. eye at corresponding ages of life. The near 
point will not recede beyond 8'' so soon in the Me. person as in 
the Emc. person, or, in other words, Pr. will appear lat^r in life 
in the Me. person than in the person with Emc. vision. Moreover, 
the Pr. can only occur in Me. persons whose M. is moderate in 
degree. If the M. amount to ^th, or 5 dioptrics, Pr. can never occur ; 
for the distant point of distinct vision being at 8" distance from 
the eye, so long as any power of Ace. remains, the near point 
cannot be removed so far as a distance of 8^' from the eye; and 
even when all accommodatory power disappears or is lost, whether 
naturally or by atropia paralysis, the near and distant point of 
distinct vision will merely coincide at a distance of 8 inches from 
the eye. Still less can a person whose Me. is higher than -^-th, or 
5 D, become presbyopic. 

If the M. be moderate in amount, then, as age advances, the near 
point may recede beyond 8" ; and in such a case the M. will require 
to be corrected by concave lenses to enable the person to see 
distant objects clearly, while at the same time the Pr. will have to 
be corrected by convex lenses to make up for the deficiency of Ace. 
for seeing small objects at near distances. 

Presbyopia with H. — As in the He. eye the distant point of dis- 
tinct vision is negative, and infinite rays require a certain amount 
of convergence to be imparted to them, in order that they may be 
brought to a focus on the retina the Ace. is trenched upon for 
affording this required convergence. The H. is thus not imme- 
diately apparent ; it is covered by the Ace. which it borrows, as it 
were, from the reserve for near objects, to use it for obtaining clear 
vision of distant objects. The H. thus becomes concealed or is 
hdeat. If the II. is very moderate in amount, and the subject is 
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young so that Ace. is in abundance, the existence of H. may readily 
be overlooked. The amount of Ace. which is borrowed for the ser- 
vice of the H. in supplying the refractive deficiency has, under such 
circumstances, very little effect on the position of the near point 
in respect to change of its working distance, and this change may 
readily therefore escape notice. If a young person who is Erne, can 
exert Ace. equivalent to a convex lens of 12 D the near point of 
distinct vision will be 3^ inches from the eye ; if the Ace. be lessened 
by 1 D the near point will only recede to about 3§ inches; and if 
lessened by 2 D, to 4 inches — differences which would be too slight 
to be noticed. If the Ace. were completely removed, as by atropia 
paralysis of the ciliary muscle, the H. would be readily detected, for 
a suitable convex lens would improve distant vision. But without 
this being done the H. may be unnoticed until a more advanced 
period of life. 

If, however, the H. be considerable in amount, the early rece- 
dence of the near point of distinct vision, or what is tantamount to 
an early occurrence of Pr., will sufficiently prove its existence. As 
the distant point of distinct vision in the hypermetrope is, as it were, 
further from the eye than it is in the Emc. eye, while the power of 
Ace. is the same at the same ages in both, it follows that, under 
all ordinary conditions, the near point of distinct vision will be 
further removed from the He. eye than it is from the Emc. eye at 
corresponding ages of life. If the H. be excessive, the near point 
will be beyond 8" verj' much sooner in the He. person than in the 
Emc. person, and Pr. will occur projwrtionally earlier in life in 
such a hypermetrope than it does in the emmetrope. This early 
occurrence of Pr. at once proves its association with H. When Pr. is 
fully established in an adult hy]oermetrope, his H. will require to be 
corrected by a suitable convex lens to secure clear vision of distant 
objects, while his Pr. will have to be corrected by a lens of still 
greater converging power — one that will not only correct the 
general deficiency of refractive power of the eye, or the H., but 
that will also make up for the loss of accommodatory power so as 
to enable the eye to deal without inconvenience with small objects 
at a near distance from the eye. 
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CHAITER V. 

On Impaired Vision connected with Strabismus — Strabismus— Definition — Forms 
of Strabismus — Directions of Deviation— Apparent Strabismus— Images in 
Convergent and Divergent Strabismus— Concomitant Strabismus — Diplopia 
• — Diagnosis of Concomitant and Paralytic Strabismus — Measurement of 
Deviation in Strabismus— Treatment — Influence of Strabismus as regards 
Military Service. 

Strabismus. 

Definition. — Squint. Abnormal obliquity of the optic axis in 
one or both eyes. Malposition of the two eyes relatively to each 
other of such a kind that the directions of their optic axes are not 
in mutual accord. The visual lines do not meet together at the 
distance at which a given object is looked at, and true binocular 
vision is consequently unattainable by persons affected with stra- 
bismus. 

Various Forms of Strabismus.^ — Two distinct forms of strabismus, 
due to different causes, are met with ; one functional, depending 
directly upon irregular muscular action, originating in, or accom- 
panying, anomalous states of refraction, or impaired vision of one 
or both eyes, and generally distinguished by the name of ' concomi- 
tant strabismus,' from the squinting eye accompanying the normal 
eye in all its movements ; the other pathological, produced by 
partial or complete paralysis of one or more external muscles of the 
eyeball, or due to pressure from causes existing within the orbit. 
In the first of these two kinds of strabismus all the muscles act, 
but the normal concert of action is not maintained in the binocular 
movements ; in the second, the movements of one or more of the 
muscles are impaired or entirely arrested. The term ' strabismus ' 
is employed by many surgeons to designate only the former kind, 
or true concomitant strabismus; absence of concordance in the 
visual axes from defective innervation or complete paralysis being 
classed under other special headings, such as paralysis of the 
ocular muscle or muscles affected, or under diplopia. 

Directions of Deviation in Strabismus. — Strabismus is commonly 
either convergent^ the squinting eye being turned toward the median 
line ; or div&)yjent, being turned outwards. The deviation may, 
however, be upwards or downwards, though it is rarely so. In con- 
vergent and divergent strabismus the retinal images of an object 
are separated laterally, but remain in the same horizontal plane ; in 
the other directions of deviation, they vary in altitude and inclina- 
tion according as the superior and inferior recti or oblique muscles 
are involved. 

When the subject of convergent strabismus looks at an object 
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one eye only is visually directed upon it, the other eye has its visual 
line directed inwards ; in the same way, when the subject of diver- 
gent strabismus looks at an object, one eye only is directed toward 
it, but the other eye has its visual line directed outwards. In 
either case, while the sight is thus fixed upon the object the 
deviation is limited to the eye which is turned inwards or out- 
wards. 

The deviation may only occur at intervals, or after occasions of 
long-continued employment of the eyes at near objects, and under 
conditions of unusual ocular strain and fatigue, or general weak- 
ness ; but although the occurrence of the deviation, or of the 
strabismus, may thus vary, the direction in which the deviation 
takes place, when it does occur, will always be alike in the same 
eye. 

Apparent StrabiBmiu. — A condition which simulates strabismus 
is sometimes noticeable, and is usually referred to under the name 
of apparent strahLwuix. It depends upon the angle formed by the 
meeting of the visual line with the line of the optic axis at their 
point of intersection within the eye. (See fig. 5, p. 5.) Thie 
relative positions of the two eyes, as elsewhere mentioned, are 
judged of by observing the relative positions of the centres of the two 
corneaB with respect to each other and to the middle points of the 
palj>ebral openings. When two Emc. eyes are regarding a distant 
object, the visual lines of the eyes are practically parallel, and as 
these lines pass a little internal to the centres of the corneiE, it 
ibllows that the centres of the corneae must be turned a little outwards 
in respect to the middle points of the palpebral apertures. In Emc. 
eyes this divergence, or apparent strabismus, is so slight as to be 
hardly observable even on close inspection. The divergence is, how- 
ever, increased in He. eyes, as the angle formed by the meeting of 
the optic axis and visual line is greater, and the apparent strabis- 
mus becomes all the more marked. In myopic eyes this angle is 
lessened, and the visual line may even change position and pass 
outside of the optic axis, when the appearance of strabismus 
may bo presented, but with a convergent instead of a divergent 
direction. 

Images of Objects in Convergent and Divergent Strabismns. — In 
convergent strabismus the two images of an object are formed on 
the corresponding retinae; that which appears on the right side 
belongs to the right retina, that on the left side belongs to the 
left retina. In divergent strabismus the images are crossed and 
formed on the opposite retinas ; that which appears on the right 
side belongs to the left retina, that on the left side to the right 
retina. The relative positions of the images of an object in some 
instances of diplopia depending on slight degi-ees of muscular in- 
efficiency, in which the deviation is so limited as to be hardly 
noticeable by ordinary observation, are almost the only means by 
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which a surgeon is enabled to decide what particular muscle or 
muscles are affected. Their respective situations in relation to the 
two eyes will be rendered obvious to the patient at once if the two 
images are seen by him under different colours, as may be effected 
by causing the patient to look with one eye through stained glass 
(see figs. 3 and 4). If the deviation be horizontal, and the images 
are homonymous, there is convergent displacement, and the ex- 
ternal rectus muscle is affected ; if crossed, there is divergent 
displacement, and the internal rectus muscle is affected. 

The frequent associations of convergent strabismus with hyper- 
metropia, and of divergent strabismus with myopia, have been 
already remarked on in the sections on these refractive conditions. 

Concomitant Strabiflmiu. — Concomitant strabismus may be only 
occasional or it may be persistent. The deviation may alternate 
between the two eyes, each in turn being capable of directing its 
visual line on the object while the other deviates ; or one, or both 
eyes, may be permanently displaced. When the deviation alter- 
nates between the two eyes, the amount of deviation in the right 
eye when the visual line of the left eye is directed upon the object 
looked at will be equal to that of the deviation in the left eye, when 
the macula lutea of the right eye is in line with the object. 

In the strabismus of muscular paralysis the loss of power of the 
eye to move in the line of impaired, or lost, action of the paralysed 
muscles and the deviation in the opposite direction are constant. 

When the strabismus exists only to a moderate amount, and the 
deviation is limited to one eye, it is sometimes not easy of detection 
fco long as the two eyes are observed together. But it may 
usually be readily demonstrated, if the retinal functions of the two 
eyes are preserved, in the following way. The person under obser- 
vation is directed to regard an object at the distance of a few feet 
in front of him. Each eye is then alternately covered by the hand 
of the observer. When the eye whose visual line is directed to the 
object is covered, the squinting eye may be noticed at once to 
change its position. It will assume a direction which will bring 
it visually in line with the object ; and equally, on again uncover- 
ing the other eye, it will recede from the new to its former place. 

Diplopia. — Whenever the physiological harmony of the visual 
lines is interfered with in binocular vision, as happens with strabis- 
mus, the discord necessarily causes the formation of double retinal 
images, but does not necessarily cause diplopia, or double vision. 

Diplopia does not exist in the large majority of cases of 
concomitant strabismus, but is constantly found in strabismus due 
to paralysis, or partial inefficiency of one or more of the ocular 
muscles. 

There are several reasons why the subject of concomitant 
strabismus can avoid taking note of the image in the displaced eye, 
while the subject of paralytic strabismus is unable to do so. In the 
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former, the eye whose visual line is properly directed on the object 
has its image formed on the macula lutea, and it is of course re- 
latively sharp and distinct ; while the image in the displaced eye 
is pictured on a part of the retina away from the macula lutea, and 
is, therefore, more or less dull and indistinct. The relative 
displacement of the two eyes, or the strabismal angle, remains 
constant, for in concomitant strabismus there is no interference 
with the range of the muscular movements of the globe of the eye, 
as in paralytic strabismus, but only with the position of the ranore 
over which the movements take place. In consequence, the indis- 
tinct image on the retina of the displaced eye is always formed at 
a fixed part of the retina; just as much so as the sharp image is 
formed on the macula lutea of the normally directed eye. The 
retinal sensitiveness of the part where the relatively dull or spectral 
image occurs becomes lessened at first from exhaustion and sub- 
sequently from disuse, and the suppression of mental attention to 
the image by the subject of concomitant strabismus in the efibrts 
which he instinctivdy makes to rid himself of the troubles of double 
vision, becomes easily established. On the other hand, in strabismus 
due to paralysis of one or more muscles, the relative ^wsitions of 
the two retinae are constantly changing as objects in different posi- 
tions are looked at, and corresponding changes constantly occur in 
the situations of the retinal images. If, for example, the external 
rectus of one eye be paralysed, causing a certain amount of inward 
deviation of this eye, as the sound eye turns inwards, or in a direc- 
tion toward the paralysed muscle of the deviated eye, the strabis- 
mus is rendered more and more obvious — the strabismal angle 
becomes greater, and the distance of sepai'ation of the double 
images in the two eyes is increased. If the sound eye turn out- 
wards, or in a direction away from the paralysed muscle of the 
deviated eye, the two eyes in the case supposed will. assume a direc- 
tion more in concei-t, and at a certain point the visual lines may 
even both centre in the object, and the diplopia disappear. The 
strabismus is thus seen not to be constant, as it is in concomitant 
strabismus, but varies according to tlie position of the object looked 
at, and consequently the position of the image in the displaced eye 
is equally shifting and inconstant. There is little to interfere with 
the retina retaining its sensitiveness over its whole area, and under 
these circumstances the strabismal subject finds himself unable to 
sup])ress perception of the second image when it ever occurs. 

When concomitant strabismus happens in very early life, the 
suppression of the images in the squinting eye seems to take place 
with the utmost facility, amblyopia is establislied, and if the 
strabismus be not rectified, the retinal sensitiveness becomes lost 
beyond recovery. 

Diplopia, due to slight muscular paralysis, may be noticed by a 
patient before strabismus is visible to an observer. It may amount 
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to little more than mere haziness from overlapping of the two 
images at varying distances, but may still be accompanied by a 
difficulty of co-ordinating the touch with the sight of objects, as 
well as by the vertigo and other subjective symptoms to which 
diplopia usually leads. If two separate images are noticed, the 
sharper image produced on the macula lutea of the sound eye, and 
the weaker image on the retina of the deviated eye, may be dis- 
tinguished by the aid of the colour test elsewhere mentioned, if 
they are not otherwise recognisable ; and the recognition as soon 
as established will indicate not only which eye is disordered, but 
also the affected muscle or muscles. If two images of a bright object, 
as of a lighted candle, placed at a distance, are seen, and one image 
is coloured by the intervention of coloured glass before one of the 
patient's eyes, the patient will readily point out tx) the observer the 
situation of the image belonging to the eye before which the 
coloured screen is placed and that belonging to the other eye. The 
observer will at once see, from the relative positions of the two 
images, in which of the patient's eyes the true image is formed. 
The affected eye is thus made known, and the situation of the dis- 
placed image, relatively to that of the true image, whether it be to 
its right or lefl hand, or above or below, indicates the muscle or 
muscles which are at fault in this eye. The displaced image always 
appears on the side opposite to the ocular deviation, so that if the 
images are homonymous, convergent strabismus is shown to exist, 
while, if they are crossed, divergent strabismus is indicated. If, 
for example, it be the muscle concerned in convergence which is 
affected, say of the ri^ht eye, leading to divergent displacement, 
the spectral image will be crossed to the left hand of the true image 
as seen by the patient; if it be the muscle of divergence which is 
affected, leading to convergent displacement, the fake image will 
be to the right side of the true image as seen by the patient and 
indicated by him to the observer. (See figs. 3 and 4, p. 4.) 

Diagnosis of Concomitant and Paralytic Strabismi] s. — The con- 
ditions already mentioned form sufficient means of distinguishing 
between these two forms of strabismus, but one other difference 
between them, which is useful for diagnosis, may be presently 
mentioned. The characteristics of concomitant strabismus, which 
have been already referred to, are : 1. The affected eye retains its 
full natural range of movement, but this range is displaced. Its 
movements do not tiike place in the normal arc, the eye turning 
more in one direction, and less in the opposite direction, than 
the normal eye; 2. The deviation of the affected eye, and the 
amount of disagreement in direction of the visual lines of the two 
eyes, at whatever distance the object may be placed which is looked 
at by them, are constant ; and 3. The displaced, or spectral image, 
formed in the affected eye is mentally ignored, so that diplo]iia 
does not occur. On the other hand, in paralytic strabismus, 1. The 
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range of movement of the affected eye is always lessened in the 
direction of the paralysed muscle ; 2. The amount of deviation of 
the affected eye, and of dissociation of the visual lines of the two 
eyes, are not constant, but vary with the different directions of the 
objects toward which the patient turns his eyes ; and 3. Diplopia 
always exists in the range proper to the paralysed muscle, in all 
cases in which the retinae retain their sensibility. 

The other symptom by which paralytic may be distinguished 
from concomitant strabismus is the following. If, while the 
head remains fixed in position, the healthy eye be covered by a 
diaphragm of frosted glass, at a time when the patient is looking 
toward an object, the affected eye will make a slight move, in order 
to try and adjust its visual line upon the object. This movement 
of the affected eye may be seen to be accompanied by a movement 
of the healthy covered eye, so that if the other is directed on the 
object, the covered eye becomes the squinting eye. In paralytic 
strabismus, this movement of the covered sound eye exceeds in 
extent the movement of the affected eye, because the slight move- 
ment of the affected eye, owing to its defective innervation, requires 
a greater effort of the will to effect it, than it would if the innerva- 
tion were perfect. This increased effort affects the associated 
muscle of the sound eye, and so leads to a greater amount of move- 
ment through its agency. The deviation of the affected eye is 
usually described as the primari/ deviation ; the movement of the 
sound eye under the circumstances named, as the secondary devia- 
tion. On the other hand, in concomitant strabismics^ under similar 
circumstances, there is no difference in the extent of movement 
of the two eyes. When the healthy eye is covered, whatever may 
be the distance to whiirh the affected eye moves in order to direct 
its visual line upon the object, the extent of the associated move- 
ment of the covered eye will be precisely the same. The rule is 
thus deduced that in all cases of paralytic strabismus the secondary 
deviation exceeds the immary deviation, while in concomitant 
strabismus the two deviations are exactly equal. 

Measure of Deviation in Strabismus. — The linear measurement 
of the deviation of a squinting eye may be made in either of the 
following ways. Let the patient be directed to look at a distant 
stationary object with both eyes free, and while he is doing so, 
mark with a dot of ink on the margin of the lower eyelid of the 
squinting eye, the spot which would fall within a vertical line pro- 
longed from the centre of the deviated cornea. Then close the 
normal eye, and let the affected eye be directed to the object, and, 
as before, mark a spot on the lower lid corresponding with a 
vertical line drawn through the centre of the cornea in its new 
position. The distance measured between the first and second 
spot gives the linear measure of the deviation. Or, while the two 
eyes are open, a spot is marked on the margin of the lower lid of 
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the sound eye in line with the centre of the cornea. A spot is then 
marked on the border of the lower lid of the affected eye, which 
exactly corresponds in position with that of the spot placed opposite 
to the centre of the cornea of the sound eye. A second spot is then 
made to mark the situation of the centre of the cornea as it exists 
in the squinting eye. The distance which separates these two 
spots indicates the amount of displacement of the optic axis. The 
distance between the two spots can be measured by an ordinary 
tape measure, graduated with sufficient fineness, but still more con- 
veniently by means of a strabismometer. (See p. 49.) 

Treatment of Strabismus. — Although in comparatively mild capes 
of paralytic strabismus, such as* sometimes result from constitu- 
tional states — from syphilitic, rheumatic, or diphtheritic disease, 
for example — relief may often be effected by suitable remedies ; 
and also in the milder forms of concomitant, or functional, strabis- 
mus, by the aid of prisms, in exercising and gradually strengthen- 
ing the weaker muscles, and so enabling them to overcome the 
stronger action of their opponents, together with correction of any 
abnormalities of refraction that may co-exist by appropriate lenses ; 
still, in the majority of cases, especially when the deviation is fully 
established, it only admits of cure, or palliation, by the operation of 
tenotomy. The proper treatment of strabismus usually requires 
very close and accurate observation of each particular case concerned, 
and a cousideration of the subject does not fall within the scope of 
this manual ; a description of the various proceedings involved in 
it will be found in all systematic works on diseases of the eye and 
their treatment. 

Influence of Strabismus as regards Military Service,— The dis- 
figurement cauised by well-marked strabismus, and the uncertainty 
it gives rise to, as to the precise direction in which a man is look- 
ing, are sufficient reasons for rejecting a recruit seeking enlistment, 
but the most important objections are the monocular vision on the 
one hand, and the amblyopia on the other, with which concomitant 
squint is usually accompanied. Operative interference may re- 
move the disfigurement, but will not repair the amblyopia if it be 
of long standing. I have known a candidate for an army com- 
mission get the concomitant strabismus with which he had been 
affected from childhood, rectified by surgical operation, but a year 
afterwards, the amblyopia of the eye which had been displaced 
remained without any apparent improvement. Practically the 
influence of concomitant strabismus on aptitude for military service 
is settled by the ordinary t«sts for acuteness of vision. If the 
soldier can count the test-dots ht/ each eye in succession at the re- 
quired distance, although a slight amount of fiinctional strabismus 
may be apparent, there is no sufficient cause for rejection : if the 
test-dots cannot be counted at the regulated distance, whether the 
impediment may be owing to the refractive condition of the eye, or 
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to amblyopia the result of disuse, the results as regards the unfit- 
ness of the candidate for military service in the ranks will be the 
same. As re^arijs a candidate for an officer's commission, there 
will be this difference ; if the difficulty in the way of reading par- 
ticular test-types be due to ametropia only, he may overcome it by 
wearing suitable glasses ; if amblyopia from disuse exist in addition, 
no glasses will rectify it so as to enable him to pass the required 
tests. 

Paralytic strabismus is a sufficient cause for rejection of a re- 
cruit. It is therefore only likely to be met with after a soldier has been 
serving in the army, and, when once it has occurred, it is usually 
a cause of the man being discharged from further service, owing to 
its liability to recur, even though it may appear to be only tenipc- 
rary in its nature. In occasional cases, where it has been traceable 
to the effects of a slight attack of insolation in a tropical climat**, 
it may disappear altogether on removal to a temjierate station ; 
but undtT many other conditions, when induced by morbid states, 
as syphilis and others, though it may be removed for a time by 
appropriate treatment, there is no security against the risk of 
its return. When paralytic strabismus is fully established, the 
attendant diplopia, and loss of ocular movement in the direction of 
the paralysed muscle, and with it frequently loss of part of the field 
of vision, as a matter of couree, incapacitate a soldier for further 
military service. 



CHAPTER VI. 

On Impaired Vision due to Defects of Colour-sense —Colour-blindness — Definition 
— Symptoms -Varieties— Causes of Colour-blindness— Acuteness of Colour- 
sense -Djafjnosis — H(Jm>rren*s Test - Proofs of Kind and Extent of Colour- 
blindnoss— Thomson's Api)lication of Holmgren's Test — Mar^chars Lantern- 
test — Colour-siprht in the Royal Navy — In the Indian Government Services — 
Influence of Colour-blindness in the British Military Service — Amblyopic 
Colour-blindness. 

Cglour-Blindness. 

Definition. — Imperfection, or total deficiency, of visual percep- 
tion of one or more colours. The term di/sc/iromoioima is employed 
to express dulness of the colour-sense, or a difficulty in distinguishing 
colours and their various shades and combinations; achromoiopain ^ 
to express complete absence of perception of one or more colours, 
or, in other words, total inability to distinguish truly one kind of 
colour from another. As a rule, both eyes are equally affected, 
but cases have been recorded in which monocular achromotopsia 
existed while the other eye was entirely free from the defect- 
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Colour-blindness is of two kinds, viz. {a) conjenital colour -hlindness^ 
a defective state of vision, often hereditary, under which the subject, 
though possessing distinct perceptions of form, and of contrasts of 
light and shadow, and, indeed, normal sight in all other respects, 
is unable properly to recognise diversity of colour, or to perceive 
certain colours ; and (b) amblyopic colour-blindness, deficiency, 
perversion, or loss of colour-sense associated with morbid states of 
the retina which are mostly manifest to observation. 

Symptoms.— Colour-blindness may exist without the subject of it 
being aware of his defect, until his attention is directed to it by 
experimental trials, or until the occurrence of some observation or 
of some special difficulties consequent on his disability reveals its 
presence. In the case of one colour-blind person known to me, 
the existence of the defect was only discovered by his expressing 
surprise tiO his daughter that certain posts, which were partly 
designed for attracting attention, had not been painted of a 
different colour from the neighbouring shrubs. The fact was the 
posts had been painted red to distinguish them from the green 
objects near them. He was then of mature age, yet the existence 
of his colour-blindness had not be^n previously known to himself 
or others. On looking at the colours of the spectrum, some of them 
may be seen correctly, while others that are really very unlike, pro- 
duce on the colour-blind subject a similar optical effect, and are only 
distinguished by appearing to vary in intensity of light and shade. 
The eyes may be normal as regards their refractive qualities and 
power of accommodation, visual acuteness, and appreciation of form, 
in short, perfect in all respects excepting in the colour-sense. The 
subjects of colour-blindness make great mistakes in sorting colours. 
Inability to distinguish red from green is the most common form 
of colour-blindness. One colour is regarded as similar to the 
other, only varying perhaps in shade or .saturation. The red and 
green colours are confounded with grey as well as with each other, 
and, in consequence, are wrongly applied or distinguished. To 
persons who are ' blind for red,' objects coloured red appear to be 
of a darker hue than thoy do to those who are not colour-blind, 
apparently dark grey, at the same time that some reds are not dis- 
tinguished from green; and similarly, the 'blind for green' see 
green objects darker than they really are, while some greens are 
confused with purple, blue, or grey. Such differences in objects 
as depend upon varieties of colour for their recognition are, there- 
fore, of no avail to the colour-blind. 

Varieties. — Instances have been recorded in which no distinc- 
tions of colour have been recognised ; in which all objects have 
seemed to be uniform in colour, and simply varying in degrees of 
light and shadow, or depth of tint, as in the photograph of a 
landscape. Such instances have boon veiy rarely mot with. In 
ordinary achromotopsia, there is usually absence of perception of 
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one, or at the most two, of the three colours, red, green, or violet. 
The subject may be blind for red, or for green, or for both red and 
green, or he may find a difficulty merely in distinguishing between 
red and green. Or he may be * blind for blue ' or violet, while 
lie recognises red and green. This last variety appears to exist 
the least frequently of all the kinds of colour-blindness ; indeed, to 
be very rare. 

Colour-blindness should not be confounded with inability to 
name colours, nor even with dyschromotopsia— that is, inability to 
appreciate with facility or nicety the more complex colours or to 
see the colours of objects under the same conditions of extent, dis- 
tance, or saturation, under which other persons can see them, or to 
distinguish readily different shades or tints of one and the same 
colour. These imperfections may, or may not, be due to a limited 
defect of organisation in the nerve-elements; usually they are 
simply attributable to want of sufficient education of the colour- 
sense, to enable the distinctions named to be recognised or appre- 
ciated. Just as the senses of hearing and taste may be developed 
by cultivation, so may the colour-sense when it exists. But in 
true colour-blindness, achromotopsia, the sense for certain colours 
does not appear to exist, and all attempts at improvement by 
education have consequently hitherto been of no avail. It is only 
thi^ form of optical defect that, as a general rule, is of practical 
importance as regards occupations in civil life or in the military or 
naval services. 

Causes of Colour-blindness.— The abnormal anatomical conditions 
on which colour-blindness depends have not yet been demonstrated, 
and even the true nature of colour-sensation is as yet undeter- 
mined. The theory most generally accepted for explaining per- 
ception of colour is that known as the Young-Helmholtz theory. 
According to this theory there are three distinct elements in the 
retina which are concerned in receiving visual impressions, one of 
which is chiefly excited by red rays, the second by green, and 
the third by blue or violet rays. If the elementary fibres which 
are concerned in the perception of these three fundamental colours 
are equally excited together in normal eyes, the resulting impression 
is that of white ; while the impression of compound or intermediary- 
colours depends on the fact of either two, or of all three, of the 
retinal colour elements being severally excited in greater or less 
proportion among themselves. The cause of defective or of com- 
pletely deficient perception of colour depends upon a faulty or 
undeveloped condition, or upon a total absence of one or more 
of these retinal colour elements.. Although the hypothesis just 
named is the one which is very generally accepted instead of the 
Newtonian view of the three primary colours being red, yellow 
and blue, and green and violet being mixed or compound colours, 
some philosophers are opposed to it, and there ai-e certain un- 
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doubted difficulties in the Young-Helmholtz explanation which 
still require solution. 

No morbid condition of the media or fundus of the eye can be 
detected by the ophthalmoscope in colour-blindness, a fact which 
distinguishes congenital achromotopsia from most cases of amblyopic 
achroraotopsia. 

Acuteness of Colour-sense.— The sense of colour, like the per- 
ception of shape and size, of objects, is most acute in the region 
of the macula lutea. It decreases in proportion as the images of 
coloured objects fall on the retina more and more remotely from 
this point, but the decrease is modified by the clearness of colour 
and degrees of illumination of these objects. The field of colour- 
vision is not alike for all colours, as may be readily observed by- 
using test-objects of different colours with the perimeter. The 
perception of green is the most limited, that of red is next, while 
the visual field of blue is usually the most extensive. A white test- 
object can be seen beyond the limits at which one of a blue colour 
can be distinguished. The field of vision for each colour becomes 
restricted in the progress of certain morbid states of the retina. 

Diagnosis. — Snellen's coloured types and other similar objects 
were formerly supposed to afford satisfactory means of testing 
achromotopsia. Five colours were supplied in Snellen's book of 
test-types as distinguishing tests for colour-sense, viz. red, yellow, 
green, blue, and grey. The orange, indigo, and violet colours of the 
spectrum were not included. In like manner small flags and 
lights of different colours were used for testing perception of dif- 
ferent colours in medical examinations for the Royal Navy. But 
special attention has been given to this subject during the last few 
years, and the tests just mentioned are no longer regarded as 
reliable. They may still be employed for measuring the acuteness 
of central vision for coloured objects relatively to the visual acute- 
ness for nncoloured objects, but not for determining whether the dis- 
tinctions between the colours themselves are normally perceived. 
Professor Holmgren has proved that colour-blind persons have 
acquired in some instances a power to distinguish signals and lights 
of different colours, and even of calling them by their proper 
names, from the retinal impressions of different degrees of light 
and shade made by them — that is, so long as the signals and 
lights under observation are put before them under conditions 
of equal clearness. The colour-blind person has trained himself 
to observe these qualities as substitutes for his want of colour- 
sense ; just as the totally blind educate and refine their senses 
of touch and hearing to make up for their loss of visual power. 
There have been repeated proofs that colour-blind persons can 
learn to distinguish between differently coloured lights, not by 
the true differences of their respective colours, but by differences 
in their apparent illuminating power. The man colour-blind for 
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red does not know the green from the red light because one is 
green and the other red, but because the retinal impression pro- 
duced by the green is more vivid than that which is produced on 
him by the red. There may also be an acquaintance with some 
special effects or differences in quality acquired by repeated obser- 
vation which may help the colon r-blind, that persons who possess 
a naturally normal sense of colour are unable to appreciate. In 
this way colour-blind persons may pursue their callings for a 
certain time with impunity, notwithstanding their defects, which, 
however, may lead to dangerous results at any moment. When 
only a single coloured object, a flag or lamp, is exposed to view, no 
opportunity of contrast as regards illumination is afforded, such 
as a colour-blind person may turn to account when several objects 
of different colours are presented to him. Many atmospheric con- 
ditions and other circumstances may cause the clearness and inten- 
sity of light of particular coloured signals or lights to differ, or 
may make them appear to differ, in these respects, and as these 
variations in luminous intensity take the place of differences of 
colour with the colour-blind persons just referred to, it is obvious 
that no safe reliance can be placed on such substitutes for the true 
colour-sense. The importance of not placing reliance on any sub- 
stitutes of the kind is forced on the attention all the more from 
reflecting on the very serious nature of the issues which must 
depend under a variety of circumstances upon the observers con- 
cerned in them possessing a full and correct appreciation of the 
colours exposed to view. 

Holmgren's Tetst. — The test now generally adopted, or some 
modification of it, is the one introduced by Professor Holmgren, of 
Sweden. Holmgren's test is simple and easily applied. A number 
of skeins of wool of different colours are collected together. They 
consist of the colours corresponding with those of the spectrum, 
viz. red, orange, yellow, green, blue, indigo, and violet, together 
with yellowish-green, greenish-blue, purple, rose, brown, and grey. 
There are several shades of each colour, and at least five gradations 
of tint, or degrees of saturation, of each shade of colour, from the 
deepest to the lightest. The skeins of wool are mixed together in 
a heap on a table, exposed fully to daylight, not artificial light, and 
the examiner takes from it one of the skeins, and places it at some 
little distance from the general heap. The person under ex- 
amination is then requested to pick out the other skeins which 
most resemble the test-skein in colour, and to place them side by 
side with it on the table. A person gifted with normal power of 
distinguishing colours will respond to the test easily and quickly ; 
while another person whose perception of colour is faulty, or im- 
perfect, will exhibit hesitation and will make mistakes in the 
colours, or shades of colour, of the skeins which he selects. A suc- 
cession of similar tests may be applitrd in the same manner. Either 
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very light or very deep shades of colour are recommended for the 
test-objects. The person under examination is not required to 
nams the colours. His chromatic perception is judged by the 
manner in which he responds to the test. If faulty colour-sense 
be exhibited in the performance of the task, the tests must be con- 
tinued in order to determine the kind and extent of colour-blind- 
ness, whether it be simply defective perception, or total absence of 
perception, of either red, green, or violet, or of any two of these 
colours. 

To aacertain the Kind and Extent of Colour-blindness. — The 
following is the order of proceeding to establish the diagnosis as 
prescribed by Holmgren : — 

1st Proof. A skein of pure light-green wool is given as the 
test. The specimen should neither be ' blue-green ' nor ' yellow- 
green.' On examining the skeins which have been selected as 
similar in colour and shade, if they have been selected readily and 
found to be all of green tints, chromatic perception is * not faulty ; ' 
if after hesitation and difficulty in selection there is an approach 
to confusion of colour, the ' colour-sense is weak ; ' if complete con- 
fusion of colour, if the green is matched with grey, brown, purple, 
or even with red, the conclusion is that there is ' colour-blindness.' 

2nd Proof. A skein of purple colour, that is, a mixture cf red 
and blue, is now given as the test. If all or the greater part of 
the skeins selected as being of the sjime tint are found to be so, the 
colour perception is ' not faulty ; ' if only blue and violet wools 
have been selected and joined to the purple test-skein, in other 
words, if the person tested sees the purple only as blue, there is 
colour-blindness for red ; if green or grey, or both, have been 
selected as specimens of the same colour and shade as the purple, 
the person under examination is * completely blind for green ; * 
if he join red and orange skeins to the purple wool, he is ' blind 
for blue and violet.' If wool of all colours, of the same shade or 
degree of saturation, should betaken as being alike in colour, there 
is evidence of complete and ' total colour-blindness.' 

The proofs above given Holmgren regarded as sufficient for all 
ordinary cases, but for special individuals, as for official persons on 
whose right perceptions of colours important issues depend, he 
considered it advantageous to take further proof in confirmation of 
the conclusion arrived at from the foregoing tests, and then used a 
skein of pure red wool as the test-object. The colour-blind show 
by their selection that they confound green and red together, the 
'red blind' persons particularly selecting, in addition to red, 
shades darker than the test-skein, such as shades of deep green, 
olive, and dark brown ; ' green blind ' persons shades lighter than 
the red. 

Thomson's Applieation of Holmgren's Test — Dr. Thomson, of 
Philadelphia, has devised an instrument based on Holmgren s plan 
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of testing colour-blindness which can be used by any intelligent 
obst»rver for noting and recording whether a person is colour-blind 
or not ; the ophthalmic surgeon being only referred to in cases 
which appeir doubtful, or for confirming the observations when 
colour-blindness is stated to exist. This is reported to have been 
largely used in testing the colour vision of railway employes, with 
the result of discovering about 4 per cent, to be colour-blind. In 
this instrument 40 skeins of coloured wool are employed, the tints 
selected being those of the three test-colours, green, purple, and 
red, together with the usual ' colours of confusion.' The skeins 
have each a small metal plate attached bearing a particular number, 
which can be quickly read oflF and noted by the examiner. One 
half, or 20 skeins, are devoted to the green test, the 10 odd 
numbers being shades of green, the 10 even numbers ' confusion 
colours,' as greys, light browns, and others ; the skeins from 21 to 
30 have purple tints on the odd numbers, and blue tints on the 
even numbers ; the skeins from 31 to 40 have red tints on the odd 
numbers, and brown, sage, or dark olive tints on the even numbers. 
The numbers are concealed from view of the person under examin- 
ation, who merely selects the tints which seem to him to corre- 
spond to the test-tint given to him, on the same principles as have 
already been explained ; while the examiner to whom the numbers 
are accessible simply notes on a proper form the numbers of the 
Kkeins, whether odd or even numbers, which have been selected. 
Keports thus obtained, and subsequently subjected to professional 
scrutiny in the cases of those who appeared to be colour-blind, 
elicited the proportion of 4 per cent, above mentioned. Holmgren 
concluded from his inquiries that the percentage of persons colour- 
blind was a little under 3 per cent. 

Marechars Lantern Test. — A convenient method of examining 
for colour-blindness has been adopted in the naval schools of France 
on the suggestion of Dr. Marechal, Principal Fleet Surgeon. It is 
a test by artificial light, and the manner of applying it is similar 
to that, followed in the trials by Holmgren's wools. A lantern is 
arranged in such a way that a variety of colours may be shown by 
the same light on shifting the glasses. The examiner and the 
person under examination each have a lantern, and on the former 
showing a particular light the latter has to show a light of the 
same kind. Holmgi-en's wools are also used as tests by daylight, 
and the same mode of examination is carried out with pilots and 
signalmen employed in the French navy. Coloured signal lights, 
in addition to tests by daylight, are used in various countries in the 
examination of oflScers and men of the State navies. The same 
tests are applied in some instances to men belonging to the mercan- 
tile marine. 

Flan for Testing Colonr-sight in the Boyal Navy. — All naval 
officers (medical officers only excepted) and sailors now enter the 
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Royal Navy as boys, and, I am informed, they are invariably tested 
as to their perception of colour, and that any notable deficiency in 
respect to it is regarded as a sufficient ground for rejection. The 
following is the order given in the 'Queen's Regulations and 
Admiralty Instructions ' regarding the examination of candidates 
for admission into the Naval Service or into the Royal Marines as 
regards colour-sight. * Whenever test-types are supplied, the 
power of vision of each eye separately, as well as together, is to be 
ascertained. If the persons under examination fail to distinguish 
the colours' (of the coloured test-types), 'they should be tried 
with brighter and decided colours ; for this purpose red, blue, 
green, and yellow ribbon flags may be used.' Coloured wools 
are in use at the Admiralty for doubtful cases among officers. 

Influence of Colour-blindness in the British Military Services. — 
This affection, which is very important as regards persons who 
have to depend on coloured signs for guidance, such as signal 
officers, look-out men at sea, and railway officials, or as chemists 
and others concerned in practical analysis, in which the presence 
of particular ingredients is determined by such tests as coloured 
solutions, or by the effects produced so far as colour is concerned ; 
as regards physicians in the diagnosis of certain diseases character- 
ised by colour, as scarlatina', and even as regards officers in 
general command who require to be able to recognise clearly and 
quickly the colours of uniforms ; ^ was not officially defined to be a 
disability in candidates for commissions as officers in the British 
army until the regulations promulgated on September 1, 1887, 
were issued. It is laid down in these rules that ^ inability to dis- 
tinguish the principal colours ' will cause the rejection of a candi- 
date. It is not ruled to be a disability as regards soldiers in the 
ranks, nor are there any orders for the colour sense of men brought 
as recruits to be tested by examination. Neither has it been in- 
cluded in the lists of disorders of the eyes incapacitating men for mili- 
tary service either in our own or, I believe, in any foreign armies. 
It is important for medical officers not only to be acquainted 
with the nature of colour-blindness, but also themselves to have 

* I was once aware of an officer discharging^ the duties of a musketry in- 
structor who could not distinguish the re<l Hag or * danger signal ' at target practice 
by its colour, but only by its larger relative size ; and of a general officer who was 
necessitated from the same defect to ask a member of his staff whether a body of 
troops were dressed in red or blue. I have also known a surgeon in civil practice 
who was temporarily affected with achromotopsia, during which period he could 
not distinguish red colours. A patient affected with scarlat ina appeared to him to 
be of a yellowish tinge, as if he were suffering from jaundice. The late Professor 
de Chaumont informed me that difficulties had arisen in some instances among 
the surgeons on probation in the execution of practical analysis in the Hygienic 
Laboratory of the Army Medical School from the fact of the surgeons concerned 
being colour-blind ; and Professor Sir Wm. Aitken has met with similar cases in the 
Pathological Department on occasions when the nature of specimens seen under 
the microscope has had to be determined by the colour resulting from the applica- 
tion of certain reagents. 
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p«*rfect colour-sense, and to be familiar with the methods of 
diatn^osin^ colour-blindness in its several varieties, for they are the 
persons whose duty it will be to decide whether candidates for com- 
missions are able to distinguish the principal colours accurately, 
and whether defective colour-s<*nse exists or not in any special 
castas that may be submitted to their judgment. 

The serious nature of the defect is acknowledged as regards 
officers and sailors of the Royal Navy, who have to distinguish 
accurately signals made by flags and pennants, for the power to 
execute this duty aright depends more upon correct appreciation of 
the colours than of the fonns or even the markings o( the objects 
presented to view. The recognition of the colours has to take 
place quickly and readily, too, under conditions in which their 
brightness is more or less impaired by mist and other atmospheric 
impediments. A colour-blind officer or sailor could not recognise 
the distinguishing pennants of ships, nor interpret orders conveyed 
by the usual combinations of signalling flags, for many of them have 
the same shapes and dimensions and only differ in their colours. 
This remark equally applies to most of the flags in use for signal- 
ling, as well as to the coloured lights, red, green, or white, which 
are shown by vessels at night to indicate their position and the 
direction which other vessels are to take in steering past them. 
The ill-consequences of colour-blindness in such cases may not be 
confined to mere failure of recognition of the objects concerned, 
but in many instances an erroneous interpretation of them induced 
by the defect may lead to most grave and irremediable calamities. 
It is not to be forgotten, moreover, that congenital colour-blindness 
is an incurable disorder, and that while the use of glasses and such 
optical instruments as the telescope may make up for some visual 
defects, they cannot lessen or in any degree correct the defect of 
achromotopsia. Candidates, therefore, for service in the Royal 
Navy, both officers and men, require to be carefully examined in 
respect to their faculty of distinguishing colours. The colours 
employed for the pennants and flags used during daytime in the 
Royal Navy of Great Britain are the three colours, red blue, and 
yellow, together with white and black, while at night, red, green, 
and white lights are used, so that it is for these colours that candi- 
dates chiefly require to be tested. At the same time it is not to be 
forgotten that, in addition to the simple colours named, compound 
colours are used in the flags of foreign navies. 

Indian Oovenunent Services. — Candidates for admission into the 
public services under the Government of India are disqualified for 
service in various departments by the existence of achromoto] sia 
or dyschromotopsia. The particular branches of the Indian service 
in which the regulations describe colour-blindness to be a dis- 
qualifying defect are named in Chapter IX. 
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Amblyopic Coloor-blindnefs. — This is characterised in some cases 
by imperfect perception, or loss of perception, of certain colours, 
the results of morbid conditions of the retina and optic nerve. 
Abnormal sensations of colour, such as the prevalence visually of a 
tint of some particular colour independent of whatever may be the 
actual colours of the objects presented to view, should be distin- 
guished as ' coloured vision ' rather than as * colour-blindness.' 
Xanthopsy, or the yellow vision, produced by the administration 
of santonin, is an example of the visual condition referred to. Red, 
in amblyopic, as in congenital achromotopsia, is the colour which 
is most frequently not discerned, while the power of distinguishing 
yeJlow or blue remams the moSt persistent. Amblyopia with 
central scotoma seems to be particularly liable to be attended with 
impairment of perception of colour. Optic neuritis, neuro-retinitis, 
and any diseases inducing atrophic changes in the optic nerve have 
the same tendency, and an alteration in the right perception of 
colours sometimes appears very early in their course. The disabling 
influence of this form of colour-blindness as regards military 
service depends on the amblyopia and morbid states with which it 
is associated rather than on the colour-blindness or colour-perver- 
sion itself. 



CHAPTER VII. 

AcuTENESS OP Vision— Normal Acuteness of V. — Alertness of V.— Relative 
Acuteness of V. — Measurement — Optometric Test-objects — Hair- wire Opto- 
meter — Jager's Test-tjpes — Snellen's Test-types — Burchardt's Sight- tests — 
Snellen's Test-types in Military Practice — Amblyopia — Defini»ion, Causes, 
Symptoms, and Diagnosis of Amblyopia — llemeralopia — Nyctalopia — 
Hemiopia — Scotoma — Asthenopia — Dehnition, Causes, Symptoms, and 
Diagnosis of Asthenopia — Nephelopia. or Dimbiohtednesb from Interfer- 
ence with the Passage of Light through the Eye. 

Acuteness of Vision. 

The term ' Acuteness of Vision ' or V. has reference to quality of 
retinal sensibility, and might strictly be limited to the functional 
capacity appertaining to the impressible retinal elements ; but as 
this capacity can only be practically tried or indicated by a measure 
of that on which the retinal function is exercised, the term as 
usually employed is applied to the size of the retinal image which 
can be visually recognised, or, what amounts to the same thing, 
the size of the object, which, under favourable conditions, can be 
seen and distinguished by the eye at a certain determinate 
distance. 

Normal Acuteness of V. — The term ' normal acuteness of vision ' 
is generally understood to imply clear recognition, in broad day- 
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light, of an object toward which the eye is directed under the 
smallest visual angle for which the eye in a state of health is 
organised. This can only be regarded as an approximate definition 
of the term, for the illumination of objects varies as the intensity 
of the daylight to which they are exposed, and this differs greatly 
in different countries and under different states of weather. As 
an optical expression, normal or full acuteness of vision refers to 
that degree of perfection of which we have experience in the 
human eye ; it seems beyond doubt that some animals, such as 
certain birds, can see objects of their own size from distances beyond 
those at which they themselves can be seen by man, and it is quite 
conceivable that a higher degree of visual acuteness than any 
hitherto observed might be attained in the human eye through 
further development of its visual organisation. The acuteness of 
vision referred to is central, or that which exists at the region 
of the macula lutea. Complete acuteness of V. can only exist 
when the organic textures and transparency of the media of the 
eye are perfect ; when its refractive power is accurately adapted to 
the distance at which the object looked at is placed ; and when the 
retinal sensitiveness, or the functional energy of the retinal ele- 
ments, and the nerve conduction are also perfect. An eye may be 
emmetropic, yet its visual acuteness defective at all distances owing 
to cloudiness of some of the media, to a defective or disordered 
state of some of the retinal elements, or to other morbid con- 
ditions ; on the other hand, an eye may be ametropic, and possess 
perfect V. at some distances though not at others, or at all distances 
when the ametropia is corrected. 

From the foregoing it is evident that V. may vary in degree 
from normal acuteness to mere recognition of light of a certain 
amount — quantitative vision, and, further, that the particular degree 
of V. in any given case will admit of measurement if a definite 
objective standard of normal V. be agreed upon. 

Alertness of V. — The speed with which particular objects are 
distinguished varies in different individuals whose degree of V. 
may be found to be similar by ordinary observation. Such rela- 
tively slow or quick sight may be best defined by the expression of 
* alertness of vision.' Increased alertness of vision accompanies 
increased intensity of visual impression, as in binocular compared 
with monocular vision, but appears also to depend on ir dividual 
habits and constitutional peculiarities, visual practice, and, perhaps, 
also on relative perfection in regard to transparency of the ocular 
media, and, consequently, relative speed in the formation of the retinal 
images of objects. As senile changes take place in the refractive 
media and ocular tunics, alertness of V. diminishes, and to this 
probably in some degree are due the cautious and relatively slow 
movements of the old. Measure of alertness of colour vision 
becomes important under circumstances in which the time for 
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coloured signals to be acted upon is very short, so that dyschromo- 
topsia, though not a completely disabling defect like achromotopsia, 
is still one of serious account under some circumstances. Under 
certain conditions, as in narrow channels, the green and red lights 
of ships approaching each other rapidly from opposite directions 
may not be visible until the vessels are at a relatively short 
distance from each other, and a single minute, or even less, may bo 
all the time available for the look-out man in each ship to take 
note of the lights and give the necessary steerage for passing so as 
to prevent collision. 

Relatively perfect alertness of V. is of the utmost value when 
rapidly moving objects, coming suddenly into view, have to be 
recognised and aimed at on the instant. The vital importance of 
visual alertness, of rapidity, as well as of precision of aim, has 
been forcibly demonstrated in recent wars, especially in some of 
those in which British troops have been engaged against agile and 
unfettered foes such as the Zulus and other native tribes in South 
Africa, and as the Arabs in the Soudan. Alertness of V. is a 
quality which in emmetropic and otherwise normal eyes may be 
largely developed by well-directed training and practice. 

Eelative Acnteness of V. — Relative acuteness of V. is conveni- 
ently determined by the relative sizes of the visual angles under 
which objects of known magnitude can be perceived by different 
eyes. The power of separately discriminating visual impressions 
varies with the measures of the visual angles under which a series 
of objects, and the intervals between them, can be clearly seen ; 
In other words, the limits of distance at which objects, whether 
complex or simple, can be seen separately and at the same time 
sharply, one from another, vary according to differences in degrees 
of acuteness of vision. When a standard of average normal V. is 
fixed, it becomes easy to express the relative V. in any given 
instance by comparing it with that of the standard. 

Measurement of Acuteness of V. — Instruments designed for 
measuring acuteness of vision are called * optometers.' Optometers 
can also be employed as means of measuring the range of ac- 
commodatory power. They consist of various objects (optometric 
test-objects) by which the amount of visual power possessed by an 
eye in its natural state may be tested, and of means associated 
with them, of measuring the distances at which these objects, when 
they can be clearly discerned, form defined images on the retina. 

They can be readily turned to account not only for ascertaining 
permanent states of visual acuteness, but also for observing changes 
in degrees of visual acuteness at various intervals of time. The 
measurements are either taken in inches and parts of inches, or in 
metres and parts of metres. 

Central Acuteness of V. — Although perception of the prevailing 
light is diffused over the whole field of vision, V., or recognition of 



Digitized by 



Google 



156 THE ILLUSTRATED OPTICAL MANUAL Chap. VII 

objects, 18 sharjK^st, in the normal state of the eye, at the posterior 
pole of th(» visual line in the region of the macula lutea, and lessens 
in degree from this central part of the retina in proportion as its 
])eriphery is approached. In using an optometric test the eye is 
iixed upon it in the same way as it is naturally in observing any 
other object. It is, therefore, the central acuteiiess of vision which 
is ordinarily measured by optometers. Although ex-centric loss 
of y. rarely exists without a certain amount of loss of centric 
visual power, still, in some amblyopic states it is necessary to 
ascertain particularly the V. of ex-centric parts of the retina ; the 
observations have then to be taken by other means, viz. by the use 
of perimeters for determining the form and limits of the field of 
vision, and the degree of visual perception over its area. 

Optometric Test-Objecta.— The test-objects employed in the 
measurement of V. are of various kinds. Among those in ordinary 
use are fine hair-wires, and objects of generally known forms, such 
ns printed letters and numbers. Optometric objects are used for 
testing the distinctness of both near and distant vision. In testing 
the near point of distinct vision the objects employed for optometric 
purposes should, as a general rule, be of very small dimensions. 
The retinal image of a small object, from its extreme minuteness, 
ceases to be recognisable if it be blurred by diffused rays, while a 
larger image, notwithstanding a certain absence of definition from 
circles of diffusion, may be recognised from its mere size. In test- 
ing the far point of distinct vision it matters not what the size of 
the object is provided its size has a definite relation to the distance 
at which it is placed, and that the visual angle which it subtends 
with the eye is known to the person conducting the test. 

Hair-wire Optometer. — This instrument consists of a series of 
very fine black wires, fixed in a frame which can be moved along a 
groove on a scale-board between 30 and 40 inches long. There 
are two separate grooves on the board and two wire optometers for 
the two eyes. At one end of the board are two openings through 
which the eyes regard the wire frames ; they consist of grooved wire 
receptacles into which lenses may be placed at pleasure. The 
measurement scales on the board are in inches and parts of inches, 
and in centimetres. The wires can be shifted in position within 
the frames so that either a vertical, horizontal, or any intermediate 
direction can be given to them. In testing for the mar point of 
distinct vision the limit of nearness is found at which the wires 
can be separately seen with perfect definition, and the distance is 
then read off on the scale-board. A like proceeding is adopted 
for testing the far point of distinct vision. By changing the posi- 
tion of the wire optometer it may be ascertained whether the 
near or far points of distinct vision respectively are the same both 
when the wires are placed vertically and horizontally, or have any 
other two opposite directions given to them. If they are not alike, 
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there is astigmatism, and the far and near points in the different 
positions being noted, the degree of astigmatism may be approxi- 
mately ascertained. 

In practice it is found that the hair-wire optometer answers 
well for intelligent and observant persons, but frequently gives 
rise to difficulties when uneducated persons are subjected to trial 
by it. It is by no means easy to get some persons to decide 
when perfect definition of the wires is obtained and when the 
definition first becomes imperfect. Letters that we know must 
form defined images when they are easily read, and of which we 
know the images are not defined when they cannot be read, or are 
imperfectly defined when they can only be read with difficulty, con- 
stitute more simple and reliable tests for such persons. 

The printed test-types in common use are of two kinds, Jager's 
test-types and Snellen's test-types. 

Jfiger*8 Test-types. — These consist of paragraphs printed in 
the differently sized types which are in ordinary use for printing in 
different countries. The sentences selected are numbered accord- 
ing to the sizes of their types, the sentence in smallest type being 
distinguished as No. 1. The numbers increase as the sizes in- 
crease. They were at first arranged with a view to overcome 
the difficulty experienced by ophthalmic surgeons of difierent coun- 
tries in understanding the nature of the letters referred to by one 
another as objects which patients were able to read under special 
circumstances, whether under different refractive states, or after 
operative proceedings or other treatment, owing to letters being 
only then distinguishable by technical names arbitrarily adopted 
among printers and differing in different countries. To get rid of 
this difficulty Professor Jager, of Vienna, arranged the types used in 
different languages according to their corresponding sizes, and 
distinguished them by numbers as above mentioned. Jager's 
test-types in consequence received the names of ti/jyes of universal 
reference. 

The individual letters are not framed on any common principle. 
Although there is a general correspondence of size in the type 
according to the number assigned to it, particular letters differ in 
their dimensions from each other. Some letters differ from others 
in width or height, and some strokes differ in thickness, whatever 
the number of the type. Various other well-known differences 
exist among the letters. The application of these types as accurate 
tests of V. is in consequence necessarily imperfect and limited. 
They are, however, occasionally useful from their forms being 
familiar to readers, so that their recognition is not interfered with 
as far as any peculiarity of shape is concerned. But such letters 
would manifestly be more generally serviceable if they were 
fashioned on such a fixed basis that every one of them when placed 
at a given distance presented the same visual angle, and had 
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definite relations in ri*sp.*ct to size with all the other tyix^a. 
Snt»llen's typjs were designed for the purpose of meeting thete 
rtMpiiremi'nts. 

Snellen's Test-types. — As Snellen's test-types form the standard 
by which visual acuteness is tested by medical oflScers of the 
British and Indian public services, and as they are the tests 
generally employed by ophthalmic surgeons in civil practice, their 
nature and peculiarities ought to be well understood. 

Unlike Jtigers test-types, they consist of specially formed 
letters, all fashioned on one and the same fixed basis. The sets of 
types are of different siz(»s, and each set is accompanied by a special 
nunilx»r. These numbers bear definite proportions to each other, 
and to the sizes of the letters with which they are connected. 

When Dr. Snellen arranged these types he experimentally de- 
termined the smallest visual angle under which letters could be 
n»ad provided the vision of the reader were of normal acuteness, 
or, in other words, the least magnitude of the retinal image of a 
letter which enables that letter to be distinctly perceived, for on 
the size of the visual angle, as elsewhere explained, depends the 
size of the retinal image. 

Dr. Snellen has taken as his standard that an emmetropic eye 
of normal visual acuteness can perceive a plain rectangular obje<rt 
in fair daylight when it subtends a visual angle of the 60th of a 
dt^gree, or one minute. This is the smallest object that can be 
seen — the mln im u m vimlnle — according to Snellen's standard. The 
space such an object would occupy in a circle of 21 inches in 
diameter, of which the eye may be supposed to be the centre, 
would be about the 28oth part of an inch of its circumference. 
At a distance of 12 inches therefore, on this basis, the eye can 
p(Tceive the presence of a plain object about 285th of an inch in 
size. 

But though a uniform object can be seen by the eye when oc- 
cupying only a space of the GOth of a degree, a complex object, 
though visible, cannot be recognised under so small a visual angle. 
The smallest visual angle permitting clear recognition of such 
broken and irregularly formed objects as printed letters, according 
to Dr. Snellen's standard, is one-twelfth of a degree, or five 
minutes. Thus at a distance of 12 inches, the eye can recognise 
a letter about the 57th of an inch in size, or, according to Snellen, 
a letter 0*209'", or 001 71", ^.^dh of an inch, in dimensions, Paris 



> Dr Snellen has taken 0"209"', French measure, or 0174", for the dimensions 
of each of his letters and of the spaces between them, which are to bo recognised 
at a distance of 12" by a normal eye. At the distance named, viz. 12" from the 
cornea, or 12-28" from the nodal point of the eye, such an object subtends a TisuaJ 
angle of about 5 minutes. The dimensions cf the retinal image of an object of 
this size would be 000089", or ^^^ ^" ; but if for a letter having a visual angle 
of 5 minutes a plain object, such as a test-dot, with a visual angle of only 1 
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It is on these principles that Dr. Snellen has arranged his 
test-types. They consist of separate letters, quadratic in shape, 
or occupying a space the linear boundaries of which form a square, 
and are all formed of strokes, or limbs as they are called, the breadth 
of each of which respectively is one-fifth of the linear dimensions 
of the square within which the whole letter is contained. The 
types numbered on the duodecimal system bear numbers from I to 
CC according to their sizes ; No. I being the smallest. No. CC the 
largest among them. These numbers also express the number of 
feet at which the types can be read by an eye possessing normal 
acuteness of vision. When the letters are read at the fixed dis- 
tances in feet, which are numbered above them, the eye, in seeing 
a limb of the letter, is seeing an object which occupies an angle of 
one minute, while in seeing the whole letter it is seeing an object 
which occupies an angle of five minutes in the visual field. 

Dr. Snellen has supplied sentences in various languages printed 
on the same principles as the separate letters, and like them bear- 
ing numbers in accordance with their sizes, but it must not be for- 
gotten that when printed sentences are used as tests, some words 
may be read although the separate letters are not seen distinctly, 
from the fact of the eyes having become familiar with their general 
aspect, owing to their frequent occurrence in printed books. 
Wrong inferences might be drawn from this fact. Separate letters 
of definite size are not open to this objection ; all the parts or 
limbs of each letter or figure must be imaged with a fair average 
of distinctness, or the object could not be recognised. Moreover, 
the intervals between the separate letters, numbers, and t^st- 
objects can be arranged to be equal in dimensions with those of 
the objects themselves, whereas no such systematic plan can be 
carried out when the letters are grouped in words and sentences. 

Arithmetical numbers of various sizes are included among the 
test-types for persons who cannot read letters but can decipher such 
figures ; and for those who cannot distinguish either letters or 
numbers, simple objects such as circles, lines, crosses, squares, and 
others are added. They are drawn to scale on the same principles 
as the letters, and are intended to be used in the same way. 

It will be observed from the foregoing description that Snellen's 
types have not been designed for giving qualitative estimates of V., 
although they may be partly applied, as elsewhere explained, to 
such a purpose, but have been principally arranged as means of 
obtaining quantitatice estimates of visual power. 

minute (0 00.348") be substituted, the dimensions of the retinal image would 
be 0'000178", or ^^\ and this wtmld approach the size which physiologists have 
assigned to one of the retinal elements, or cones, at the site of the macula latea. 
As many persons are able to see objects under smaller visual angles than that 
adopted by Dr. Snellen, it is evident that the approximation to the size of one of 
the retinal elements referred to, variously given from about y^" to o^oo"' would 
be more closely attained. 
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Snellen*8 Types on the Metrical Scale. — The test-types for the 
determination of the acuteness of vision which have been, and still 
are, in geuieral use in the British service were oflBicially distributed 
to the army medical officers in the year 1864, shortly afker that 
edition was published. In an edition published in 1882, Dr. 
Snellen adopted the metre as the standard of unity, and since that 
date all his test-types, or optotypes, as they are called by him, and 
other optometric objects, have been numbered on the metrical sys- 
tem. They bear figures above them which indicate the numbers 
of metres, or parts of metres, at which the test-types should be 
read by an eye possessing average normal acuteness of vision, in 
the same way as the former test types were marked in Paris feet 
and inches. There is no change in the formula for expressing the 
acuteness of vision : it is still V.= ^, The distances for which the 
types are arranged vary from the smallest, in which D is equal to 

5 m., to the largest, in which D is equal to 60 m. The smallest 
types should therefore be read at a distance of half a metre or about 
20 English inches, the largest at 60 metres or about 200 feet, by 
an eye endowed with normal acuteness of vision. In these later 
editions some improvements have been made in the tables for de- 
tecting astigmatism, and in the tests for acuteness of coloar-sight. 
The edition of 186 1, in which the types are numbered in feet and 
inches, still remains the edition in general use in the British 
service, but the edition of 1885 has been recently ordered to be 
used for testing V., in the examination of commissioned officers of 
the army. 

Barchardt*8 Iiiteniational Sight-tests. — These test-objects have 
be?n formed on principles which differ in some respects from those 
of the preceding optometric objects. They are intended to enable 
surgeons to ascertain the near and distant points of distinct vision 
in persons submitted to their observation, as well as the existence 
of astigmatism if it be present, without the aid of lenses. They 
were first published in 1870, but a larger edition (third) was pub- 
lished in 1883.^ The puq^ose of Dr. Burchardt was to get rid 
of the objections to the use of letters — viz. that they are only 
applicable to men who know how to read, that some letters aro 
e.'isior to be recognised than others, that this recognition involves 
mental effort as well as the act of seeing, and that the upright 
strokes of the taller letters are often not distinguishable at the 
Fame distances as the cross strokes of the shorter letters, owing to 
astigmatism. The test-objects for acuteness ot vision employed by 
Dr. Burchardt are black discs of different sizes on a white ground. 

1 had already called attention to the use of such discs for military 

» Internationale Sehjmthen zur Bestimmwig der Sehwharfe and Sehweitt^. 
Horanseeg-eben von Dr. M. Burchardt., Oberstabsarzt 1. Kl. &c. Dritte verbesserte 
nml vermehrtc Aufla^e. Kassel, 1883. (International Si^ht-tests for determining 
Acuteness and Ranpe of Vision. By Oberstabsarzt 1 CI. Dr. M. Burchardt. ThirU 
edition, improved and enlarged. Cassel, 1883.) 
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purposes in the Army Medical Reports for the year 18 GO.* My 
arrangement of the sets of discs was such that they corresponded 
in their diameters with the series of JSger's test-types ; but they 
were very badly printed, and were needlessly scattered by the 
printers, in a manner never intended, over the pages of the paper 
which they were designed to illustrate. Dr. Burchardt has 
greatly improved on the discs just referred to, and has grouped 
them together on principlps of his own. Instead of measuring 
the acuteness of sight by the visual angle under which the separate 
objects are recognised, Dr. Bnrchardt measures it chiefly by the 
visual angles of the intervals between the objects. Just as the 
sensibility of the skin, or sense of touch, may be measured by the 
limits of distance at which the two points of a pair of compasses 
are separately felt, so, on Dr. Burchardt's system, the sensibility 
of the retina, or visual acuteness, is measured by measuring the 
distance between two objects, or between their retinal images, 
necessary for their separate perception. It is therefore the mini- 
mum interval of separation of objects appreciable by the retina 
that constitutes the test of acuteness of vision in Dr. Burchardt'si 
international sight-tests. Thus, for example, Dr. Burchardt shows 
that discs of 0*1 mm. diameter, placed in a row of intervals of 0*1 
mm. from each other, and viewed from a distance of GO cm. (24"), 
are perceived as a continuous line; at a distance of 20 cm. (8") 
appear as a rough line with occasional sw^ellings; at 16 cm., or a 
little more than 6", are recognised separately and can be counted. 
That the power of the eye to count objects of simple forms depends 
not alone on the visual angle which the objects severally subtend, 
but partly on the lengths of the intervals between them, has been 
shown in a very simple manner with the army test- dots ^" square 
by Inspector-General Dr. Lawson. When the intervals between 
them were each of the same size as a test-dot, viz. ^" square, the 
dots could be counted by himself at a distance of 36 feet ; when 
there were two such squares, at 58 feet ; when three squares, at 
74 feet ; and the same dots with intervals of four such squares 
could be counted at 82 feet distance. These experiments prove 
that, within certain limits, the distances at which the test-dots can 
be clearly distinguished will vary with the distances at which they 
are placed apart. 

AH the sight-testiS in Dr. Burchardt s tables have diameters 
which are 1,600 times less in length than the length of the distance 
at which they are to be seen by an eye of normal acuteness of vision 
according to his standard. Thus the discs in the 60 metre table 
have each a diameter of 37*5 mm. ; those in the 1,600 mm. table 
have a diameter of 1*0 mm. ; while the discs of the 10 centimetre 

' No^es on the Examination of the Visual Fitness of Recruits for Military 
Service, with special reference to Instruction in the Use of the RiHe. " Army 
Medical Reports," vol. 2 for ISfiO. Iiondon, 1862, p 462. 

M 
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table have diameters each of -j^^th of a millimetre. At the distances 
uamed each of the discs, and each interspace between every two 
adjoining discs, subtends a visual angle with the eye of 2* 15 
minutes. This is 1*15 minutes larger than the visual angle under 
which the test-dots on Snellen's standard are required to be 
counted by an eye reputed to |X)sses3 normal acuteness of vision. 

Dr. Burchardt in the last edition of his sight-tests (1883) has 
adopted the metric system of measurement. The figure of distance 
attached to his largest discs is GO metres, and the figures descend 
to 10 cm., the sizes of the discs decreasing in proportion. He has 
also added two sheets of block-letters, graduated in size, for 
distances from 20 metres to half a metre, as well as a sheet of large 
rliscs designed for determining at a distance the directions of the 
faulty meridians in cases of astigmatism. Some of the tables are 
reduced by photography from accurate drawings, and are clearly 
engraved on cartl tablets of pocket book size, so that they are very 
|X)rtable, while the back of each card bears concise instructions on 
the manner of using them in the detection of true as well as simu- 
lated differences of visual acuteness and refractive power. Sp(*cial 
email cards and tables for the diagnosis of astigmatism are added. 
They are thus conveniently arranged for fulfilling their purpose ; 
but, on the whole, Srellen's test-tyi)es, although in some respects 
less scientifically accurate than Burchardt s sight-tests, appear to 
be more generally serviceable, and, as they have been sanctioned for 
employment by medical oflicers of the British and ludian services, 
while a knowledge of reading is yearly increasing among all classes 
of xmn in England, there appears to be no suflScient reason for 
introducing others into use. 

Snellen's Standard of Visual AcutenesB. — In practice it will be 
found that particular eyes, especially sound young eyes, have a 
considerably higher degree of V. than the standard fixed upon by 
Dr. Snellen. An object which subtends an angle of only half a 
minute, or even one-fifth part of a minute or 12 seconds, when 
directly illuminated by the sun, is visible to some eyes. Colour has 
an influence : a white object, with the light of the sun shining upon 
it may be seen under an angle of 12 seconds, but, under the same 
circumstances, a similar object, if red in colour, would only l)e seen 
under an angle about double that size. Sudden change in the 
intensity of the light to which the eye is subjected, ocular fatigue 
from prolonged visual effort?, pressure on the globe, and a variety 
of other causes, will tem]X)rarily interfere with the power of reading 
the types at their normal distances, and, unless taken into account, 
may lead to an erroneous conclusion in a given case that the visual 
acuteness is below Snellen's standard, when it really is not so. 
Some persons can read test-types at distances considerably beyond 
those indicated by their accompanying numbers— when, thert^fore, 
the angle under which er»ch type is recognised is less than an 
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angle of five minutes. I have seen them read, under favourable 
conditions, at double the indicated distances — when, therefore, the 
visual angle has been reduced to about ^^ of a degree, or 2^', and 
V. has been = 2, or twice Dr. Snellen's standard. Their recogni- 
tion at a distance of even thrice Snellen's standard in a good light 
has been recorded. Snellen's test-types, as numbered, are conse- 
quently to be regarded not as absolute standards of perfect V., but 
rather of average normal acuteness of vision, as deduced from actual 
observation of a large number of persons free from visual defects ; 
while those in whom V. is found to be twice or thrice Snellen's 
standard are to be regarded as exceptions to the general average of 
normal visual acuteness. 

Uses of Snellen's Test-types in Military practice. —The great 
value of these test-types is the ease and readiness with which they 
can be used for practical purposes in ocular examinations. It is 
not of so much moment that the standard on which they are 
based shall be accurate in its estimate of normal V. as that the 
types can be used for determining whether the acuteness of V. in 
any given case is equal to, below, or above that standard. At 
the same time, Snellen's standard may be accepted as a fair 
standard of normal V. under the ordinary conditions of everyday 
life in Europe. 

As the letters are all formed on one and the same principle, they 
ara capable of being applied to various uses in examinations of 
visual acuteness. Being all seen under the same visual angle at the 
distances indicated, they all at those distances have the same ap- 
parent magnitude ; and, as they are all formed in the same fashion, 
and occupy proportionate areas, so also at the distances indicated 
they not only ha^e the same linear dimensions, but also the same 
apparent superficial magnitudes. Letters of any one size may, 
therelbre, in practice be substituted for letters of any other size 
within the litnits of distance for which the eye is adjusted, or can 
adjust itself by the exercise of accommodation, of course provided 
illumination and other conditions be preserved alike. 

Again, if two or more of the types be held at other than the 
named distances, whether more remote from or nearer to an ob- 
server, the visual angles under which they are severally seen will 
still be alike so long as the distances at which the different types 
are placed are relatively in accordance. 

Snellen's test-types afford a simple and practically a suffi- 
ciently accurate mode of expressing the degree of V. in any given 
instance. Snellen's formula is the following. If V. (vision) be 
used to express the acuteness of vision ; D the distance at which 
the type appears under an angle of five minutes, or the distance 
named with the type u?ed ; d the utmost distance at which the 
type can be read by the person under observation : then V. = J. In 
this arrangement U is a fixed quantity, d a vuriable one. 

If 2 
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Examples : The 20-feet tyi)es are read at 20 feet, the 30-feefc 
types at 30 feet ; then V. = f J- or f |f = I, or, in other words, is 
normal. If the 20-reet type can only be read when the person 
in approaching the types reaches a distance of 10 feet, the 30-fect 
type one of 15 feet, then V. = ^{[, or ^, or ^, and is only one- 
half of the normal standard. Practically, in determining relative 
degrees of V. by these means, it is better to use one common 
test-type, the 20' type, for example, as the standard. 

A convenient mode of using Snellen's types is to have the sc^le 
of types, one row above the other, placed on a suitable stand in a 
good light at a fixed distance — a distance, for example, of 15 feet 
from the person under examination. In the formula V. = ^, d 
then becomes a fixed quantity, and D a variable one. The person 
whose vision is under trial is desired to read the smallest row of 
types which he can see clearly at that distance. If he can read the 
15-feet type, but none smaller, then V. =- -}-^ = 1. If he can 
read the 12-feet type, then V. = ^| = 1^, or his visual acutenesa 
is one-quarter above Snellen's standard. If he can only at the 
distance named read the 20-feet type, then V. = ^ = f , and his 
acuteness of vision is only three-quarters of Snellen's standard. The 
advantage of using a distance such as one of 15 feet is that there 
is no need, under ordinary circumstances, for exercise of accommo- 
datory exertion on the part of the person under examination, for 
the rays of light from objects at this distance reach the eye prac- 
tically as parallel rays, and it is only in the case of hypermetropes 
that accommodatory exertion will be employed. 

The use of Snellen's types saves time in examining the quality 
of eyesight in any unknown case. If the person under examination 
reads with each eye the 20-feet type at 20 feet with ease, there is 
no ocular defect of sufficient importance to require further investi- 
gation. If it, and other types, can only be read short of their normal 
distances, some defect exists, and the necessity is indicated for 
further examination by trial lenses, or by the ophthalmoscope, in 
order to ascertain the cause of the deficiency of visual acut,eness. 

Either ametropia or lessened accommodatory power is indicated 
when some of the types are seen clearly at the distances marked 
above them, while others are not seen clearly at their distances. 
In such cases the refractive power of the eye does not maintain 
correspondence with the relations which ai*e preserved between 
distance and size in the types. If an eye can read the 1-foot type 
at the distance of 1 foot, the l^-foot type at a foot and a half, but 
cannot read the XX-feet type at 20 feet, and other larger types at 
their respective distances, myopia is indicated ; while, if the XX-feet 
type can be read at 20 feet, but the smaller types cannot be read 
at their distances, either presbyopia or hypermetropia is probably 
present. 

If deception is attempted, whether of a positive or negative kind 
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— and the manner in which the replies are given will generally point 
clearly enough to the fact when such an attempt is made — it may 
ol'ten be exposed by subjecting the person under examination to 
tests by different but adjacent types. If there be no attempt at 
deception, but the alleged deficiency of V, be real, the relations 
between I) and d will be preserved when types of different sizes, 
such as the 20, 30, or 40 feet type, are presented to be read. If 
V. = 4^g, it ought to be equally ^ and \^ if other like conditions 
be carefully preserved ; if different values be given to V., deception 
of some kind may be suspected. The smaller-sized types, Nos. 1 
to 3 or 4, should be excluded from the comparison. 

The degree of acuteness, equally with the alertness of V., are 
naturally lessened in the latter years of life, owing to decreased 
transparency of the dioptric media, decreased retinal sensitiveness, 
and other senile changes. But, from a table published by Inspector- 
General Dr. Law son, comprising a series of observations on 974 
persons, it would appear that V. gradually declines from a very 
early age, even as early as fifteen years. The decrease in the 
instances quoted was independent of diminished accommodation. 
It follows that other causes beside senile changes must be sought 
for to explain the lessening of V. with age, should Dr. Lawson a 
facts be substantiated by more extended observations. 

According to a table quoted by Dr. Snellen, deduced from a 
series of observations by T. v. de Haan, of Utrecht, on Si 81 persons 
of ages varying from 7 to 83 years, the state of whose eyes had 
been previously ascertained to be sound and healthy, V. was above 
Snellen's standard up to the age of 40 years, but slightly declined 
between 20 years and the age named, became ^V^^ below Snellen's 
standard at 50 years, and was reduced nearly to -j- ^t 80 years of 
age. The actual figures resulting from the experiments, accord- 
ing to the quotation, showed that the average of V. for ages up to 
20 years, the figure 20 being used as a standard of comparison, was 
as 22-5 : 20 ; at 30 years was as 22 : 20 ; at 40 as 205 : 20 ; at 50 
as 18: 20; at 60 as 145: 20; at 70 as 13 : 20 ; and at 80 as 
11 : 20. 

Snellen's test-types can be readily turned to account in the 
application of any rule that may be laid down as to a required 
standard of V. Thus, for example, a military friend gives me, as 
a rule, from the result of his experience, that a soldier, to be effec- 
tive, must be able to distinguish clearly a man from any other 
object at a distance of 500 yards under ordinary illumination, that 
is, in a moderately clear daylight, and with no more striking con- 
trast of background than what is met with in ordinary fields or 
moorland. A sentry on an advanced post who could not distin- 
guish an enemy at that distance in front of him would endanger 
the safety of a force. With such a background as the * skyline,' 
or any background forming a mai'ked contrast with the object, a 
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man oue^ht to be recognised at 1,000 yards. The amount of light 
reflected from the object looked at, relatively to the amount of light 
reflected from the objects by which it is surrounded, and the 
character of the background, are always important elements in 
regard to visual perception, in addition to the size of the visual 
angle subtended by the object. 

The rule for recognition at 500 yards may be applied by means 
of Snellen's types thus : — Assuming the height of a man to be that 
at which the height for infantry is calculated in rifle practice, viz. 
6 feeb, the visual angle under which he would be seen at a distance 
of 500 yards is 13' 44", or nearly 2*7 times the visual angle under 
which Snellen's types are seen. Recognition of 20' Snellen on 
toned paper in en ordinarily lighted room at a distance of 7' 5" 
may therefore bo used as a test that one man is capable of dis- 
tinguishing another man at a distance of 500 yards nnder the 
above-named conditions. A man 6 feet in height, to be seen under 
the same visual angle as Snellen's types, would have to stand at a 
distance of about 1,375 yards off. But practically at such a dis- 
tance, owing to the effect of the intervening atmosphere and other 
circumstances, the man could not be distinguished, although an 
object having the same visual angle might be seen plainly in a 
nearer position under adequate illumination. 

Meaflnrement of Yisaal Acuteness when associated with Ame- 
tropia. — When a low degree of V. is due to simple uncomplicated 
ametropia, whatever the nature of the latter, if it be corrected by 
suitable lenses, normal V. will be restored ; if, however, amblyopia 
or other complications exist which participate in causing the de- 
gradation of v., the defective V. will be only partially improved 
by the lenses. Whenever, therefore, V. is found to be below the 
normal standai'd on first examination, and ametropia to be associated 
with it, the nature and degree of the latter should be ascertained 
with a view to its correction, and the eyes should be tested after 
the correcting lenses which have given the best possible results 
have been applied to them. In this way only can the true condition 
of the eyes, as regards their visual acuteness, be determined. The 
visual acuteness in all such cases should be noted before and after 
correction of the araetropic defect. 

Weak Vision. 

There are three kinds of weak or defective V. which it is neces- 
sary for an observer to distinguish from one another in ocular 
examinations regarding visual acuteness. The first of these is 
amblyopia, derived from afi^vs, blunt, obtuse, and 8y^i9j si^ht ; 
the second is asthenopia, from aadsv^Sy wanting in force, and oyjrt^^ 
sight ; the third may be designated nephelopia, from P6<l>^7), a cloud, 
or mist, and 6y^i9, sight — dimsightedness due to conditions by which 
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the passage of liglit to the retina is obstructed or otherwise disturbed. 
The first is symptomatic of imperfection in the sensitive recipient 
or conducting nerve elements ; the second refers either to weak- 
ness in the internal structures which are engaged actively in adapt- 
ing the dioptric apparatus to the varied requirements for clear 
vision at different distances, or to a deranged balance of power 
between them and certain external muscular motors of the organ ; 
the third is usually the result of morbid loss of transparency of 
some of the ocular structures. It will be convenient to consider 
separately these three conditions, which are very distinct in their 
nature. 

I. Amblyopia. 

BeftnitioiL. — Feebleness of vision from diminished nerve power. 
Impaired vision thus defined was formerly included with many 
other morbid conditions of different kinds under the general term 
' amaurosis.' * Amaurosis is now only used to express total loss 
of V. from annihilation of the function of the visual apparatus, 
generally due to intercranial disease, but due also to morbid 
changes of the optic nerve and retina. Ambl., therefore, represents 
partial loss of visual sense, amaurosis complete loss of visual sense, 
as a result of morbid changes in the nervous apparatus concerned 
with the sense of sight. 

Causes. — These may be either intrinsic, that is, due to diseased 
changes originating in the optic nerve itself, its cerebral connec- 
tions, or retinal expansion ; or extrinsic, when the diseased con- 
ditions are induced in sequence to disease of neighbouring but 
functionally independent structures, such as cerebral tumours and 
other cerebral diseases giving rise to pressure on the optic tracts or 
involving them in the morbid processes, sequels of insolation, intra- 
orbital tumours, diseases of the choroid and other intra-ocular 
afiections, reflex irritation from branches of the fifth nerve, and 
others. Amblyopia is also caused by a variety of constitutional 
disorders which lead to anaBmia, impairment of nutrition, prolonged 
congestion, or to changes of the ocular nervous apparatus brought 
on probably by morbid or toxic materials circulating in the blood- 
vessels. These include constitutional states of general debility due 
to repeated losses of blood from haemorrhoidal or other sources, as 
also to excessive debilitating discharges, whatever their nature, 
to habitual and inordinate use of tobacco and alcohol, excessive 

' Amblyopia is sometimes used to express the indistinctness of vision which is 
directly dependent upon the third variety named above, viz. diminished trans- 
parency in some of the anterior dioptric media. It is practically more useful to 
limit its signification to diminished power of sight dependent on morbid conditions 
of the retina, optic nerve, or brain, without, however, laying down any limitations 
as to their nature or modes of orijiin, than to extend it to lowered acuteness of 
vision due to causes which are obvious to external observation, with or without 
the aid of the ophthalmoscope. 
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cindioniBm, lead poisoning, secondary syphilis, diabetes, albumi- 
nuria, and a variety of cachectic conditions. Diminished retinal 
power from structural changes is one of the concomitants of old 
age. Other causes are mechanical injuries, such as blows about 
the orbit, producing optic paralysis, hasmorrhagic effusion, and 
retinal detachment. Sudden severe shock, or excessive intensity 
of light, as from a close flash of lightning, may be a cause of 
amblyopia or even complete amaurosis. 

Lastly, just as retinal sensibility may apparently be increased 
in energy in a healthy subject by constant practice at natural ob- 
jects, so it may be lessened by -want of employment, amblyopia ex 
anopsid^ as sometimes happens by mental suppression of the retinal 
image of one eye in strabismus, in some instances of anisometria, 
and also, when a corneal opacity exists in one eye, by the patient 
excluding this eye from binocular vision in order to prevent visual 
confusion. The retina, from these causes, as from any other which 
hinder an eye from taking its part in active visual exercise, gradu- 
ally loses its susceptibility to impression, and its loss of sensitiveness 
becomes less capable of recovery in proportioii to the duration of 
its abstention from functional employment. On the other hand, 
Ambl. may be induced by continued overstraining of the retina in 
prolonged work at minute objects, such as very small printed letters 
and figures, especially if the types and accessories are bad and the 
printing indistinct, as they are in some cheap modem reprints of 
standard works. The ill effects upon the retina are all the more 
marked, and occur the more speedily, when the person is placed 
under the influence of circumstances tending to impair his general 
health, and when at the same time his retina is overstimulated, and 
irritated by strong artificial and unsteady light, or by the blight 
glare of a tropical sun. Central vision under these conditions is at 
first weakened, while the peripheral portions of the retina retain their 
normal sensibility ; but, unless the necessary rest from the delete- 
rious influences is taken, and suitable precautionary and remedial 
measures adopted, the peripheral, as well as the central, retinal sen- 
sibility becomes impaired, the visual field contracts, and, as occasional 
instances prove, the impairment may advance until all visual power 
disappears. 

From the variety of causes, above enumerated, which lead to 
Ambl., it will be seen that it should be regarded rather as a 
symptom than as in itself a distinct disease. It is as a rule the 
negative to the positive expression * acuteness of vision.' In many' 
instances the diseases which give rise to Ambl. are unavoidably 
obscure, as when they are intra-cranial, so that the effect which is 
manifest, viz. the Ambl., can alone be distinguished and named. 
Again, in numerous cases where the loss of retinal acuteness is func- 
tional, as when it is due to anaemia, the excessive use of tobacco, and 
other similar causes, it frequently happens that no objective lesion 
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can be observed under the closest examination. But in numerous 
other instances the cause of the Ambl. can be ophthalmoscopically 
demonstrated, and the special affection of which the Ambl. is a re- 
sult should then be properly designated. 

SymptomB and DiagnoBis. — In its mildest forms the patient 
simply loses the power of perceiving very small objects 'dearly at 
any distance. But it may vary in degree from inability to see 
some of the smallest types up to inability to distinguish the types 
of largest size. The feebleness of vision may become aggravated 
until it is so weak that the patient is hardly able to see his way 
about, and in the end the sensitiveness to light may disappear and 
amaurosis be established. With a mild degree of Ambl. print of 
moderate size is held closer to the eye in reading than usual, in 
order to obtain larger images, and thus an inexperienced observer 
is liable to suppose erroneously that the patient is myopic. 

Ambl. occurs independently of any refractive fault or diminu- 
tion in accommodatory power. Either of these conditions may or 
may not be present concurrently with the Ambl. If a refractive 
defect be associated with it, whatever may be its nature, the cor- 
rection of it will not lessen the existing Ambl., though in occasional 
cases the correction may tend, when associated with other means, 
to arrest its further progress. The effects of Ambl. are felt at all 
distances for which the eye is adapted, whether near or distant ob- 
jects are regarded. There is not usually with Ambl. the sense of 
effort or fatigue that accompanies asthenopia, nor the * blurred 
vision ' of defective refractive power. If the eye be emmetropic 
naturally, or has been rendered so by suitable lenses, the ambly- 
opic eye will still only be able to see objects under larger visual 
angles than are consistent with visual recognition by another which 
has normal acuteness of vision. There will often exist with it a 
contraction of the field of vision, and in some instances a weakened 
or demnged condition of the faculty of colour perception, Ambl. 
will, of course, be founJ to be accompanied by the characteristic 
symptoms of the particular diseased condition which gives rise to it, 
when the latter is of such a nature as to be definitely recognised. 
As soon as the fact of the existence of Ambl. is established, a true 
diagnosis of its cause should be sought for by a careful study of 
the history of the case, and by ophthalmoscopic investigation ; 
for, if the exciting cause be one that admits of mitigation or 
removal, and the Ambl. be in an early stage, under appropriate 
remedies such as the nux vomica, and when such visual exer- 
cise only is permitted as can be carried on without effort, the 
restoration of normal retinal acuteness may in some cases be 
accomplished. 

The following also are forms of Ambl. : — 

(a) Hemeralopia, night-blindness, or that condition of weak 
vision in which the patient can see well in the full light of day- 
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time, but cannot distinguish objects after sunset or in a dim light. 
This is frequently found among soldiers who have passed from a 
northern latitude to a tropical station. In these instances it is 
evidently due to temporary exhaustion of nervous power from over- 
stimulation by the bright light of the tropical day and the reflected 
glare from the water of the ocean, unrelieved by the variety of 
shade and colour which are met with on land. Hence the inability 
to perceive objects illuminated by the comparatively weak rays of 
moonlight. Snow-blindness appears to be of the same nature. 
The tendency to the occurrence of Hemeralopia among men who 
are exposed to its exciting causes, and the persistence of the im- 
paired sensibility of the retina, will be greater in persons who have 
acquired a scorbutic taint, or who have become constitutionally 
debilitated from any cause. This description refers to simple func- 
tional hemeralopia ; care must be taken not to confuse it with the . 
diminished visual power which co-exists with retinitis pigmentosa, 
atrophy, and other structural changes of a grave nature in the 
retina. Perhaps, in addition to the glare, the exposure to the heat 
of the solar rays by day, and the alternation of chills from dews at 
night, may assist in the production of hemeralopia, for it has been 
observed to occur among many men together who have slept in 
the open air, as on deck, without overhead cover. Men who have 
suffered from hemeralopia appear to be specially susceptible to 
relapses on exposure to its exciting causes : hence the advantage 
of protecting the eyes of such persons by the use of coloured spec- 
tacles or goggles, to prevent its recurrence. Protection of the 
eyes from strong light is also a neceesary part of the treatment of 
this affection among those who are actually suffering from it. 

Hemeralopia is sometimes simulated, and is reported to be 
frequently assumed by soldiers in some foreign armies. Various 
stratagems have to be resorted to for the detection of the imposition 
if the condition be feigned, for when it really exists as a functional 
disorder there is no visible sign by which its presence can be proved. 
This fact should make medical officers very guarded in expressing 
an opinion that the disorder is simulated, however strong may be 
the suspicions which they are led to entertain on the subject. 

(b) Nyctalopia, which is sometimes used as synonymous with 
night-blindness, really signifies the converse condition of hemeral- 
opia, or that the patient can see better at night than he can 
during the daytime. In this state the disorder of the retina 
is shown by its being unable to bear the stimulus of bright light 
owing to hypereesthesia. The normal acutenees of vision may not be 
materially lowered in subdued light; but strong light gives rise 
to trouble and confusion, induces various kinds of subjective 
luminous apparitions of which the patient finds it difficult to 
rid himself, while attempts to read print of moderate size or to 
examine objects in bright daylight produce. all the symptoms of 
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severe photophobia — ocular pain and dazzling, lachrymation, 
spasms of the eyelids, supra-orbital pain, and general distress. 
After sundown, or when the eyes are shaded by tinted glasses, the 
patient moves about with comparative comfort, and sees objects 
clearly that he could not distinguish in ordinary daylight. The in- 
tolerance to the bright light thrown on the retina by the ophthalmo- 
scopic speculum suflSciently indicates the presence of this abnormal 
irritability ; and this may happen in an eye where there have been 
previously no symptoms of inflammation, and in which the fundus 
seems to be quite free from inflammatory effects. Such cases are 
occasionally met with among the soldiers who are invalided for 
impaired vision from India. In these instances the affection seems 
to be due to the prolonged effects of tropical glare upon an over- 
sensitively organised retina, generally associated, however, with a 
lowered state of constitutional tone, and often with deficiency of 
choroidal pigment. 

In the year 1885 a soldier of the Scots Guards was invalided 
from Egypt for symptoms of nyctalopia. He had had iridectomy 
performed in both eyes, prior to enlistment. He was probably 
passed as a recruit in consideration of his being in other respects 
a physically sound and finely proportioned man, and because at 
that time, in a subdued light in a closed room, he could count the 
test-dots at the required distance. He was useless in the open air 
in the daytime in Egypt. The irritating effects of the glare, 
owing to the loss in both eyes of the natural power of excluding 
excess of light by the action of the irides, caused a good deal of 
suffering at the time, and not only induced extreme difficulty of 
vision when the daylight was strong, which still existed on his 
arrival in England, but also led to a considerable amount of Ambl. 
On arrival at Netley, V. of the right eye was = ^, of the left eye 
only = ^g- of Snellen's standard. The acuteness of vision was 
greatly improved in each eye in full daylight by the use of a 
diaphragm with a stenopcBic aperture, but no means could bring it 
back to the normal standard. 

(c) Hemiopia, Half-vision. — Impairment or loss of retinal per- 
ception, limited to the outer half of one eye and the inner half of 
the other eye (see fig. 73). The manner in which the fibres of the 
optic nerves decussate at the optic commissure suffices to explain 
how any cause which impairs the conductibility of either optic tract 
before it reaches the commissure, such as pressure from cerebral 
haemorrhage, a tumour, or from any other source, may destroy 
visual power in the right or left halves of the two eyes, while the 
remaining portions of both retinae retain their ordinary power ot 
perception. Central vision sometimes remains unimpaired. The 
diagnosis can only be made out by noting carefully the field of vision 
of each eye. The restricted limits of the patient's view sufficiently 
show the existence of the hemiopia. If the left half of the field of 
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vision of each eye is wanting, a lesion affecting the right optic 
tract and loss of visual power of the right half of each retina will 
be indicated, and vice versa, Hemiopia, when confirmed, entirely 
unfits a soldier for duty in the ranks. 

. (d) Scotoma. — Partial deficiency or total loss of vision in an 
isolated portion or portions of the retina. Scotomes are occasion- 
ally central, or are situated near the retinal centre, when serious 
amblyopia usually results ; or they may occur in ex-centric portions 
of the field, and vision be le^s interfered with. The lesion 'may 




Fio. 73. — ^Hekiopia. 

a, right opMc tract, supplying a\ the right temporal, and a", the left na<>al halves of the 
retina. Kxtcnt of lesion sliown by the transverbe lines. 6, left optic tract, supplying V, 
the left tempora', and 6", the right nasal luilyes of the retina, remaining anaffected, so 
that the field of Tiew is here limited to the left half of each retina, as indicated by the 
objects tjf iJut and their inuges at ifi' tjf', 

occur in one eye singly, or both eyes may be affected simultane- 
ously. The defect may be a sequela of some local lesion, of 
retinitis, optic neuritis, or of some form of choroiditis. A dark 
spot or spots, often surrounded by a margin of haziness, appear in 
ordinary vision, and correspond with the portions of the retina that 
have lost sensibility to light. The spots move in concert with the 
movements of the eyes. Besides the amblyopia, central scotoma 
is usually accompanied with localised disturbance of the power of 
distinguishing colours, the retina around retaining colour perc^p- 
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tion in integrity. In some cases a part of the retina may be 
atrophied, separat^ed from the choroid, or may be seen on ophthalmo- 
scopic examination to be infiltrated with choroidal pigment, or 
there may be localised exudative deposits, or some clot remaining 
from blood effusion. In many cases no visible evidence of lesion 
can be detected, when the affection is probably of cerebral origin. 
Careful examination of the field of vision is the best guide to 
diagnosis in these latter instances. There will be a certain con- 
stant space or spaces in the field where impairment or complete 
loss of vision is noticed, and, in proportion to the nearness of the 
scotoma to the region of the macula lutea, by so much the more 
marked and obtrusive the defect will be, and, as a matter of course, 
the more unfit the patient for military service. If the impairment 
or loss of vision is confined to the scotoma, and the rest of the visual 
field remains normal after some months have elapsed, there is good 
reason for hoping the disease may not extend ; but when it is ac- 
companied by more or less general loss of retinal power there is 
reason for fearing it will prove to be progressive until blindness 
results. 

II. Asthenopia. 

Definition. — Deficiency of ocular strength, or feebleness of vision 
due to strained, unduly balanced, or irregular muscular action, 
altogether irrespective of amblyopia, which may or may not be 
present. 

Causes. — Excessive strain, over-fatigue, or atony of the ciliary 
muscle. Weakness of the internal recti muscles relatively to the 
demands made on them for converging the eyes to near objects, as 
in reading. Want of perfect concurrence in the respective actions 
of the muscles concerned in accommodation and convergence. 
These causes of asthenopia are often, but not invariably, asso- 
ciated with ametropic states of ocular refraction, viz. hypermetropia, 
myopia, and astigmatism. 

The symptoms which result from the two sources just named 
are in many respects similar, but, the causes being so different in 
their nature, the diagnosis between the different forms of asthen- 
opia to which they respectively give rise should be clearly made 
out, for the principles on which their treatment is to be conducted 
must be equally different. Two forms of asthenopia are, therefore, 
distinguished, viz. (a) " motor asthenopia," and (h) " accommodatory 
asthenopia." 

Symptoms.— The following symptoms are common to both forms 
of asthenopia. Reading and observal.ion of near objects in general 
quickly induces fatigue. The effect of continued application of 
this kind causes a sense of fulness and tightness in the eyes, con- 
gestion, nneasiness about the brow, headache, and various forms of 
nervous disorder. On trying to read, the letters at first appear 
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clear and distinct, but afterwards become blurred, and more or less 
cross each other (incomplete diplopia). Conjunctival vascular in- 
jection and epiphora follow if the exertion be continued. The symp- 
toms are relieved by rest, and generally, according to the length of 
the interval of rest, so is the degree of relief. 

Diagnosis between Motor Asthenopia and Accommodatory 
Asthenopia. — The power of mobility of the eyes must be examined, 
more especially the power of convergence of the optic axes. In 
accommodate' y asthenopia mobility is unimpaired and the conver- 
gence of the optic axes peifect; in motor asthenopia the opposite 
condition exists. The following is a simple way of examining the 
amount of convergent power possessed by the asthenopic eyes. 
An object, such as a ruler, is held up before the face in a line mid- 
way between the eyes, about the distance of a foot off. This is 
slowly moved towards, the face, and when only half a foot off 
attention is paid to ascertain if one of the eyes becomes unsteady 
and turns outwards. Should this happen after repeated observa- 
tions, it shows that the internal rectus of the deviated eye is too 
weak to keep the eye in an inward direction. If the eyes be free 
from motor asthenopia, they will converge together symmetrically 
to the last limit of convergence. Another plan is to shade one 
eye, and to direct the other at some object ; if motor asthenopia be 
present, the covered eye will be moved by the stronger external 
rectus muscle, and turned more or less outwards. The relative 
strength of the converging and diverging muscles may be deter- . 
mined by testing their power of counteracting the deflection of 
ra\s which is caused by applying prismatic glasses of known 
degrees of strength before the eyes. (See * Prisms,' p. 82.) 

The symptoms of motor asthenopia were attributed by Von 
Graefe to ' insufficiency of the recti interni muscles,' and he gave 
the following as a test of the precise amount of insufficiency. A 
prism with a refracting angle of about 12° is to be placed before 
one eye with its base horizontally downwards or upwards. The 
image of an object looked at by the two eyes will then be displaced 
upwards or downwards so far as the eye that has the prism before 
it is concerned. There will be vertical diplopia. If under these 
conditions a line with a dot marked upon it near its middle be 
looked at by both eyes at a distance of about a foot from the face, 
and a single line is still seen, though elongated, with two dots upon 
it, one above the other, no insufficiency is to be supposed to exist, as 
the internal straight muscles are obviously still acting in concord ; 
but if two lines are seen, each with a dot upon it though at dif- 
ferent elevations, the separation is regarded as a proof of insuffi- 
ciency. Supposing the horizontal diplopia results from relative 
divergence of the optic axes, so that the two images are crossed, 
the dist4ince at which the two lines are separated apart is taken 
as the indication of the amount of the insufficiency of the internal 
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recti. The strength of the prism which with its base inwards 
would then produce fusion of the two lines gives the exact measure 
of the insuflSciency. The accuracy of these views regarding ' mus- 
cular insuflBciency ' has, however, been frequently questioned, and 
other explanations, which certainly appear to be far more satisfac- 
tory, have been advanced to account for the facts observed in the 
experiments mentioned. It is not, however, necessary to enter 
more fully into the subject here.^ 

(a) Motm' Asthenopia usually co-exists with myopia. From 
the closeness with which the myope regards objects, the internal 
recti m. are kept on a constant strain, and in certain cases this 
strain speedily induces exhaustion of muscular energy. There is 
not a corresponding amount of exertion of the accommodatory 
function, so the normal balance of action between the two func- 
tions of accommodation and convergence is broken. In high 
degrees of myopia, in young persons, there may be no demand at 
all for accommodation, while ths strain of convergence is very con- 
siderable. When the distant point of distinct vision is only a 
few inches off, the myope will read and work at that distance, in 
which case no accommodation will have to be exerted, but for the 
sake of single vision there must be the necessary convergence. 
Exhaustion follows this excess of strain on the muscles of conver- 
gence, and the loss of the support that they should normally 
obtain from the harmonious co-operation of the function of ac- 
commodation favours its occurrence. If the patient, to counter- 
act the effects of this exhaustion, increases his efforts to maintain 
the convergence of the eyes instead of giving them the necessary 
amount of rest, the pain and other symptoms of motor asthenopia 
follow. If neglected, this state of things may lead to permanent 
strabismus. The patient, in order to prevent the annoyance of the 
partial diplopia produced by the two eyes, owing to their unsteadi- 
ness, not seeing near objects precisely in the same direction, will 
use one eye only ; the other will move outwards, and, if habitually 
unemployed, not only will squint be permanently established, but 
the eye will be rendered amblyopic. This has been more fully 
explained under Myopia, at p. 64. 

(6) Accommodatory Asthenopia. — The cause of this form of 
asthenopia, namely, want of sufficient power in the muscle of 
accommodation to meet the demands made upon it, at once shows 
that whatever condition of the eye induces an excessive strain on 
this muscle, relatively to its general tone and development, must 
aggravate, even if it has not originated, the defect. Hence its 

* Full explanations of the facts which were relied on by Von Qraefe as proofs 
of insufficiency of the internal recti muscles, now generally acknowledged t^* Lave 
been erroneously relied on. may be found in the last of tJje admirable lectures 
which were delivered by Mr. Brudenell Carter at the Royal College of Surgeons, 
on * Certain Defects of VLsion.* These lectures were published by Macmillani Co., 
London, 1877. 
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constant co-existence with liypermetropia^ taxing so unceasingly, as 
this form of ametropia does, at all distances, the accommodatory 
function unless artificially relieved ; its frequent occurrence also with 
unaided preahyopia^ when work on small objects at near distances 
is persisted in ; and its aggravation in degree if astigmatism, with 
the varying struggle of accommodation which it leads to, be 
superadded. There is also in accommodatory asthenopia a derange- 
ment of the normal co-operation of the functions of accommodation 
and convergence by which the asthenopia may be aggravated, but 
the disturbance arises from a different cause to that which origin- 
ates it in motor asthenopia. In the latter form, as already mentioned, 
the action of convergence surpasses that of accommodation ; but 
in accommodatory asthenopia, especially when it co-exists with 
H., the accommodation has to be exerted in excess of the con- 
vergence. Here also the loss of the support which springs 
from the concurrent and even working of the muscles concerned 
in accommodation and convergence no doubt augments the asthen- 
opia and the difiSculties of the patient. After he has been read- 
ing or writing for a time, or working intently at any close work, 
the objects looked at become indistinct, and if only stronger exer- 
tion is made to get clear images, inst^ead of suflSciently restingr the 
eyes, the symptoms elsewhere described are produced. These 
symptoms are aggravated by anything that deranges the general 
health and nervous system, or lowers the strength of the asthen- 
opic patient. But there is not the tendency to eversion of the 
eyeball that there is in motor asthenopia. Moreover accommo- 
datory asthenopia is relieved by convex glasses, in most cases is 
removed by them when they are of suitable strength, and these 
would only add to the difficulties of the motor asthenopia of 
myopes. 

Loss of adequate power in the ciliary muscle and subjectiveness 
to asthenopia may be brought about by other conditions than those 
of hypermetropia, presbyopia, and astigmatism. Irritation from 
constant occupation at near objects, spa«^m, general debility, 
hysterical states, all become . inducing causes of accommodatory 
asthenopia when the ciliary apparatus is subjected to efforts out of 
proportion to its strength. 

Treatment of Asthenopia. — Asthenopia admits of treatment and 
often of cure. The ocular conditions which lead to its produc- 
tion point sufficiently to the means which should be adopted for 
its relief. If the eyes of the patient are found on examination to 
be ametropic, the kind of ametropia must be ascertained, and the 
defective refraction corrected in the manner already described, in 
the chapters on myopia, hypermetropia, and astigmatism. If the 
patient has become presbyopic, relief must be afforded as explained 
under presbyopia. At the same time the relations between the 
convergence of the eyes and the accommodation must be oon&iderwl, 
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and as far as practicable a normal balance established between 
them. The employment of the eyes must be regulated, so that 
while, on the one hand, irritation and fatigue are obviated by the 
prevention of an excessive demand on the muscles of accommoda- 
tion and convergence, especially under unsanitary conditions, such, 
for example, as sometimes are m^t with when printers are employed 
in setting up small types in close ill- ventilated rooms by gaslight, and 
by avoiding excessive straining of the eyes, as occurs when persons 
work at small objects, writing, drawing, &c., in tropical countries, 
with ill-judged exposure of the eyes to the direct solar glare; on 
the other hand, the vveakening eff'ects of abstaining from all proper 
employment of them are avoided. If there be weakness from con- 
stitutional disorder of any kind, its influence on the asthenopia of 
the patient should not be forgotten, but steps should be taken 
according to its nature to try and remove it, and to restore the 
natural standard of health. 

III. Nefhelopia. 

Impaired Virion, or DiniBightediiess, from Canses wMch obstruct 
the Passage of Light through the Eye to the Betina. — Nephelopia, 
cloudy or foggy vision, the result of lesions which have led to 
physical changes in the condition of some of the ocular media, 
especially to diminished transparency, is a frequent cause of rejec- 
tion of recruits, and a source of unfitness for further military 
service among soldiers in the ranks. Such morbid chaiiges, when 
they exist to an extent sufficient to cause complete incapacity for 
military service, are easily recognised, either by direct observation, 
lateral illumination, or ophthalmoscopic observation of the eye or 
eyes concerned ; but in minor degrees, although impeding clear V., 
they are liable, without special care, to escape detection. The 
particular causes which lead to loss of transparency in one or more 
of the dioptric media, or otherwise obstruct vision, are as numerous 
as the disorders to which the various parts of the eye are subject. 
The consecutive effects of inflammatory lesions affect vision in very 
various ways and degrees. Slight interstitial haziness of the cornea 
may interfere with acuteness of vision by causing difiiision of the 
rays of light which traverse its substance, and so producing con- 
fusion of images on the retina ; or the opacity may exist to such 
an ext-ent, especially if it be central in position, as to obstruct the 
passage to the maculalutea of a large proportion of the luminous rays, 
and thus prevent all practically useful power of sight. Various morbid 
as well as senile changes in the crystalline lens and vitreous 
humour lead to similar results. Again the central partes of the 
dioptric media may be left moderately clear, but the iris may be more 
or less contracted and adherent, so that the pupil, owing to the 
smallness of its. aperture, will only admit limited portions of the 

N 
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l>eama of light proceeding from illamined objects before the eye, 
and their brightness becomes lessened to such an extent as to pre- 
vent a proper view of them by the observer. This will especially 
occur when the subject of such a condition passes from a bright to 
a relatively dull light. Morbid states of the eyelids and other 
ocular apptmdagf^s, and many other affections external to the globe 
of the eye as well as internal to it, which need not be mentioned 
here, will also lead indin*ctly to changes which interfere more or 
less with the visual function by obstructing the free passage of 
rays of light to the retina. It is with the permanent effects of 
thes(» lesions and the influence they exert on sharpness of sight 
that the military surgeon has principally to deal, so far as optical 
fitness for military service is concerned ; in their earlier stages such 
lesions are matters for surgical treatment. 



CHAFIER VIII. 

Regulatiors regarding Visual Examination of Recruits — Range of V. necessary in 
Rticruits — Order of December 1863 on this iSubject— Principles on which the 
Circular Tej<t-dots were Formed — Counting Test -dots— Target C'entres and 
Bull's-eyes — Square Test-dots — Figure Targets for Range Practice — Visual 
Angles under wiiich the Target Figures are seen — Figure Targets Optically 
reganled — Test-dots and Snellen's Test-types — Degree of Visual Acuteness 
shown by Circular Dots at 10 and 6 feet — By Square Dots at 15 feet. — By 
fc^quare Dots at 10 feet — Test-dots only used for Proving the Minimum of 
Visual Power allowed— Directions for Mode of using Test-dot Cards. 

EegulationB on Visual Examination of Eecroits. — The instruc- 
tions, dated 1st July, 1870, for the medical examination of recruits 
(clause D, para. 3), required that the recruit should be free from 
defects of vision — that ' he sees well.' It was further ordered in 
para. 8 of the same clause D that * the special tests for power and 
range of vision are to be applied to each eye as directed on the 
card of test-dots furnished for that pur]K)se/ The revised Army 
Medical Regulations of November, 1878, qualified in a certain 
degree and explained the foregoing requirement of the recruit 
* seeing well,' inasmuch as, while directing by para. 559, p. 90, that 
men presenting ' defects of vision ' will be rejected as recruits, it 
defiued in para. 557 that one of the principal points to be attended 
to in the inspection of the recruit is 'that his vision is sufficiently 
good to enable him to see clearly with either eye at the required 
distance.' This direction, of course, implied that it was objects of a 
certain fixed size, viz. the test-dots, which were to be seen clearly 
at the distance required. The same directions are continued in 
paras. 969 and 970 of the Army Medical Regulations of 1885, 
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while, in addition, in para. 086, the mode of testing vision by the 
test-dot card is fully described. 

Under * defects of vision ' are obviously included all conditions 
of the eyes and their appendages which interfere with clearness of 
view of the appointed test-objects at the prescribed distance. The 
necessity of a proper search for these defects is comprehended in 
the direction in para. 982, p. 171, of the regulations last referred 
to, viz. ' The surgeon examines the eyes and eyelids,' and is again 
alluded to in the succeeding para. 983. 

Eange of Vision necessary in Recruits. — The recruit is thus 
required to possess a certain range and degree of acuteness of vision ; 
and that he does possess this required range and power of vision is 
tested by means of the test-dots referred to in the regulations 
already quoted. It is necessary to understand what range and 
power of vision are indicated by these test-dots, more especially as 
they have occasionally been supposed 1o be supplied for indicat:ng 
that a recruit possesses a complete range and perfect acuteness or 
power of vision. 

At first, when the introduction of long-range rifles with gradu- 
ated aims in place of smooth-bore muskets made it necessary to pay 
particular attention to the range and acuteness of vision possessed 
by recruits, efforts were made to obtain recruits with full range and 
perfect acuteness of vision. But it was found impossible to obtain 
recruits possessing such fine qualities of vision in sufficient numbers, 
and it therefore became necessary to relax the requirements in these 
respects. It was then obviously necef^sary to have some standard 
range and power of sight fixed, such that the proved possession of 
them would render men acceptable as recruits so far as quality of 
vision was concerned, while the absence of them would render men 
unacceptable as recruits. 

Ultimately a particular limit was determined, and this limit, 
which then became the regulation standard of visual fitness for 
army recruits, was published in the following order, a copy of which 
was issued to each army medical officer : — 

Army Medical Departiuent, 
3rd December, 1863. 
Sir, — His Hoyal Highness the Field Marshal CommandiDg in Chief having 
been pleased to notify 

* That men should not be received into the service who do not see well, 
to 600 vards at least, a black centre 3 feet in diameter on a white 
ground, 
I have the honour to request toq will have the goodness to pay strict attention 
to thia command in the examination of recruits. 

(Signed) J. B. Gibson, 

Direetor-G eneral. 

The black centre 3 feet in diameter on a white ground, men- 
tioned in the foregoing circular, signified the bull's-eye of the target 
which was used at that time by trained soldiers in prn<;tising with 

N 2 
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the rifle at distances from 600 to 900 yards. The question then 
arose how medical officers were to cany out this instruction in 
examining recruits, there being many manifest difficulties in the 
way of ascertaining that men could see the actual bull's-eyes at the 
required distance under the conditions in which the examination of 
recruits is ordinarily conduct-ed. 

Test-dots for Military Purposes. — I had already suggested in an 
article in the Army Medical Reports for 1860 the use of black 
discs, formed on principles explained in the paper referred to, for 
the purpose above mentioned. I now prepared some of these discs 
on a card, so that when held at a given distance they formed retinal 
images of the same sizes as the buH's-eyes, 3 feet in diameter at 
600 yards, and, having submitted them for approval, they were 
adopted for effecting the desired objec*^^. The size of each of these 
discs or test-dots was one-fifth of an inch in diameter, and, though 
they were distributed over the card at irregular distances apart, no 
two adjoining test-dots were placed with a less interval between 
them than one equal to their own diameter. As optical tests, the 
dots would have been capable of giving more accurate results if 
they had been all placed at equal distances apart, as explained at 
p. 161, but the purpose of disposing them irregularly was to afford 
means of counteracting attempts at deception or guesswork. The 
distance at which the test-dot card was arranged to be held was 
10 feet. This was considered to be a convenient distance, and the 
diameter of the small test-dot was then found by a simple calcula- 
tion of proportion, viz. as 600 yards : 3 feet:: 10 feet : -^th of an 
inch. The visual angle of the dot ^th of an inch in diameter at 
10 feet being the same as that of the large bull's-eye 3 feet in 
diameter at 600 yards, or, in other words, the diameters of the two 
discs being seen under equal angles, and the two discs therefore 
l»eing of the same apparent size, it followed, other conditions being 
alike, that if the recruit could distinguish clearly the small bull's- 
eyes at 10 feet distance, discerning, among others, the dots which 
were only one diameter apart, he could equally see the 3-foot 
bull's-eyes at 600 yards as required. It was only for this purpose 
that the test-dots were devised — to test the ability of the recruit 
to see the 3-foot bull's-eye at the prescribed distance, not to test 
the nature of any refractive or other visual defect which might in 
particular instances prevent the miniature bull's-eyes from being 
counted. 

Counting Test-dots.— It was found by practical trials that recruits 
could not be relied on for counting correctly more than seven or 
eight of the discs at a tin.e, even though they were all separately 
visible to them, and the small bull's-eyes, or test-dots, were there- 
fore at first limited to this number. But it was found that the 
limit in number was made known to the rer^ruits by the ' bringers/ 
so that the recruits, probably judging by the amount of test-dot 
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card exposed, occasionally guessed the number submitted to them, 
although they did not see the dots distinctly. 

To counteract this trick, a large number of dots was printed on 
the test-dot card, and they were so disposed that, by means of a 
covering card of a certain shape, which could be shifted into six 
positions in front of the test-dot card, twenty-five variations in the 
number and relative positions of the dots could be obtained without 
exposing more than seven or eight at a time. The test-dot card 
was ultimately adopted in this shape, directions for using it being 
printed on the back. 

Change from Circnlarto Eectangnlar Bull's-eyes. — Subsequently 
the circular bull's-eyes and centres of the iron targets were changed 
t/O rectangular bull's-eyes and centres. This was not done for any 
purpose connected with eyesight in musketry practice, brt simply 
in consequence of it being found more easy to paint the bulls-eyes 
and centres accurately upon the targets, either singly or in com- 
bination, when they were cast with vertical and horizontal lines 
marked upon them in small squares. In January, 1868, a corre- 
sponding change was directed to be made in the test-dots. It was 
ordered that the 2-foot square bull's-eye should be seen by recruits 
at a distance of 600 yards, the same distance as that at which, by 
the instructions of December 3, 1863, the circular 3-foot bull's-eyes 
had been ordered to be seen. In arranging the test- dots to comply 
with this order, it was found convenient to have the dots made one- 
fifth of an inch square in size. To apply them as tests for carrying 
out the order respecting range of vision, they had to be placed at 
a distance of 15 feet from the recruit. As before, the distance at 
which the test-dots were to be held was determined by a simple 
calculation of proportion, viz. 2 feet : 600 yards ::^th of an inch 
: 1 5 feet. In other respects the square test-dot cards were similar 
to the former round test-dot cards. 

Eetom to Circular Bull's-eyes. — In March, 1876, the shapes of 
the bulls'-eyes and lines enclosing the centres on the service targets 
were again changed by general order. The rectangular outlines 
were discontinued, and the circular outlines were reverted to. Not 
long afterwards a corresponding change in form of the test-dots 
was adopted (W. O. Form 1, 1220.) This card of circular test-dots 
forms the authorised test for service purposes in recruit examin- 
ations at the present date (1888). 

Test-dots of W. 0. Form 1233. — In 1875 a distinguishing War 
Office number was given to tlie cards of square test-dots, so as to 
include them in the list of Forms autliorised for issue in the public 
service. They were marked W. O. Form 1233, and under this 
designation were referred to in the revised Army Medical Kegula- 
tions of 1878. 

From an optical point of view square bull's-eyes and centres 
are defective as means of measurement of the respective visual 
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merits of marksmen. As the aim of the marksman is directed on 
a central point, and as that point becomes the anterior pole of the 
visual line, the merit of a particular shot can only be fairly tested 
by an estimate of the radial distance at which it has struck the 
target from the central point aimed at. It is evident that with 
square bull's-eyes and centres the shots of two men striking at the 
tame distance from the centred point may be differently estimated. 
If the shot of one has struck in the direction of the diagonal of the 
2-ibot square bull's-eye at a distance of 16 or 16 inches from the 
central point, it would count as a ' bull's-eye,' while another shot at 
precisely the sjime distance from the central point, but in a direc- 
tion [)erpendicular to one of the sides, would be outside the bull's- 
eye and only count as a ' centre.' 

Target-centres and Boll's-eyeB.— In rifle drill instruction a dis- 
tinction is made between a bulls-eye and a centre. The technical 
term ' centre ' might easily lead to misconstruction, as it does not 
occupy the position of the real centre of a target. The bull's eye 
in the range-targets hitherto in use has consisted of a black figure 
on a white ground, varying in size according to the distance at 
which the target has been placed, and according to the class of 
marksman firing at it. Outside the bulls-eye was a white space 
bounded by biack lines. The space within these lines and be- 
tween them and the bull's-eye was called the centre. Outside these 
lines was the remainder of the target, and in target practice the 
stroke of a bullet which neither hits the bull's-eye nor the centre, 
but hits the target beyond their limits, is spoken of as an ' outer.' 
When the rectangular bull's-eyes and centres were in use, the size 
of the bull's-eye aimed at by recruits and soldiers of the 1st Class 
was 2' X 3', used for distances varying from 450 to 800 yards ; for 
the 2nd Class, 2' x 2', for distances from 250 to 600 yards ; of 
the 3rd Class, 2' x T, for distances from 50 to 300 yai'ds. The 
size of the bull's-eye ordered to be adopted as the test for 
vision was therefore that of the bull's-eye used by marksmen of the 
2nd Class. When the circular biiirs-eyes and centres were re-in- 
troduced, the diameter of the bull's-eye for the 3rd Class was 1 foot, 
and was tired at by recruits from 100 to 200 yards, and by trained 
soldiers from 200 up to 300 yards; of the 2nd Class was 2 feet in 
diameter, and w^as hred at by recruits from 300 to 400 yards, and 
by trained soldiers from 500 up to (300 yards ; of the 1st Class was 
3 feet in diameter, and was fired at by recruits from 500 to 600 
yards, and by trained soldiers frrm 700 to 800 yards (see Rifle 
Exercise and Musketry Instruction, 1879, Part VI, p. 245, Ac). 
Ihe black circular test-dots used in trying visual power had refer- 
ence, therefore, to the bull's-eyes used by marksmen of the 1st Class. 
Still more recently further changes have been made. By the latest 
regulations (Musketry Instruction, Provisional, 1884; and G. O. 
38, March 1885), the bull's-eye on the ord Class target, which is 
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fired at by recruits from 100 to 200 yards, is 12 inches in diameter ; 
the bull's-eye of the 2nd Class target, fired at from 301) to 400 
yards, is 2 feet in diameter; that of the 1st Class target, from 400 
to 500 yards, is 3 feeti in diameter. The 3rd Class target is tired 
at by trained soldiers in their annual course of practice at tli.^tances 
varying from 150 to 300 yards ; the 2nd Class target, from 500 to 
GOO yards ; and the 1st Class target from 700 to 800 yards. 

Visual Angles subtended by the Target Bttll*s-eyes at different 
Distances. — There is only exceptional uniformity in respect to the 
visual angles which the bull's-eyes subtend at the different distances 
they are lired at. The r2-inch bull's eye at 100 yards has a visual 
angle of nearly 12' (11' 28"), and consequently the same bull's-eye 
at 200 yards, the 2' bull's-eye at 400 yards, and the 3' bull's-eye at 
600 yards are all seen under equal angles of 5' 44". The 1' bull's- 
eye at 300 yards, and the 2' bull's eye at GOO yards, are each seen 
under visual angles of 3' 50". The 3' bull's-eye at 500 yards' 
distance has a visual angle of G' 54", while at 800 yards it has a 
visual angle of 4' 18". The largest visual angle presented by a 
bull's-eye at any distance is the 1 foot bull's-eye at 100 yards' 
distance, viz. 11' 28", and, therefore, having the largest apparent 
size, should, other things being alike, be the most distinctly visible 
to a marksman. As by Snellen's standard such plain black objects 
on a white ground ought to be seen by an eye of average normal 
acuteness of vision under a visual angle of one minute, or, by 
Burchardt's sight-tests, under a visual angle of 2*15 minutes, it 
follows that in a good light in the open air, if the atmosphere be 
clear, the tax on visual power in regarding the bull's-eyes at target 
practice as hitherto employed has been by no means a severe one. 

Figure Targets for Bange Practice. — A notable change was 
made in March 1885 in the forms of the targets useil for range 
firing both by recruits and trained men at the annual courses 
of practice. ' Figure Targets ' and ' Head and Shoulder Targets,' 
which were previously restricted to so-called * Field Practices,' 
have now become ordinary targets for range practice. The bull's- 
eyes, and circles defining the centres, are retained, but are so painted 
as to be no longer visible to the men aiming at the targets, 
with one exception, which is in the case of recruits firing at the 
3rd Class target, when the bull's-eye is ordered to be marked 
white. In all other cases a black figure representing the shadow 
of a man is to be painted on the target, and to be the object aimed 
at, the bull's-eyes being only marked in outline. This figure in 
each target is 6 feet in height, 2 feet across at the part represent- 
ing the shoulders and upper part of the trunk, and 1 foot across in 
the parts representing the face and lower extremities. The bull's- 
eye and centre line are so marked that, although they are not dis- 
tinguishable by the firer, they are visible to markers in the butts 
near the targets. The respective values of hits upon different parts 
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of the targets remain equal to what they were when the buirs-eyes 
and centres were visible to the firers, a hit in the centre being 
valued at three-fourths of a hit in the bulFs-eye, and a hit outside 
the centre as half the value of one on the buirs-eye. In certain 
practices hits on the figure only have a value, and the value ia equal, 
whatever part of the figure may be struck. For range practice in 
the 3rd Class target only one figure is shown ; in the 2nd Class 
target three figures, placed side by side ; in the 1st Class target 
four figures ; while in the target for volley and independent tiring 
either six or eight figures are placed side by side, according to 
distance. It may be advantageous in some cases to be aware of 
the degree of visual acuteness which is required for these figures 
to be seen at the distances at which they have to be fired at, and 
this knowledge can be best obtained by ascertaining the visual 
angles under which they are presented to the sight of a firer. 

Visual Angles of Target Figiires at different Bistanees. — The 
target figures are placed for practice at distances which vary from 
100 to 800 yards. The visual angles under which the buU's-eyes 
in the several classes of targets are present-ed to the firera have been 
already named. The visual angles which the 6 ffc. figures subtend 
at the respective distances they are fired at are as follows : — 



Distance. 




Di^tAiioe. 




100 yards 


- 1° 8' 16" 


500 yards 


- 0°l.r4o" 


150 „ 


45 ftO 


(<00 ., 


11 28 


S«00 „ 


»4 26 


700 „ 


9 50 


aoo „ 


23 14 


800 „ 


8 HG 


400 „ 


17 11 







The visual angles formed by the breadth of the figure, both the 
broader and narrower paits, may be at once determined by the fore- 
going table, for the visual angles subtended by the part 2 feet 
across will be one-third, and by the part I foot across one-sixth of 
the dimensions of the visual angles under which the height of the 
figure is seen at the different distances specified in the table. In 
like manner, on three figures being joined together in the 2nd Class 
target, and four figures in the 1st Class target, the visual angles 
under which the combined broad parts of the joined figures are seen 
will be simple multiples of the visual angle subtended by the cor- 
responding part in the single figure. In the 2nd Class target the 
width at this part will be trebled, and will be the same as the height, 
viz. 6 feet across ; in the 1st Class target, in which four figures are 
placed side by side, the width across the body will be 8 feet, and 
the visual angle will be increased by an extent equal to one-third 
of the visual angle under which the height of the 6-foot figure is 
seen at equal distances. 

An acquaintance with the sizes of the visual angles subtended 
by the figures on the targets at the various distances at which they 
are placed for range practice will enable a medical officer to deter- 
mine how far any soldier, whose acuteness of vision for distant 
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objects has been previously ascertained, is competent to distinguish 
them for practice as a marksman, light and other conditions being 
alike. The fact that the visual angle is greatest in the vertical 
direction in the 3rd Class target, while it is greatest in the 
horizontal direction in the 1st Class target, will also call attention 
to the influence that may be exerted on vision if the eye of the 
firer happen to be astigmatic in formation. 

Figure Targets optically regarded. — It is obvious that from an 
optical point of view, and also as regards relative merits in respect 
to accuracy of aim, the figure targets in those practices in which a 
hit on any part of the figure has an equal value, while a hit any- 
where outside it is regarded as a miss, are open to the same objec- 
tions as the square bulFs-eyes and centres. Optically regarded, 
they are by no means of equal value. A shot at the bottom of the 
figure, about 3 feet from the centre, cannot have the same optical 
value as a hit which may be under a foot in certain directions 
from the centre, and yet is not admitted to be a hit at all in 
musketry exercise. On the other hand, there are certain advan- 
tages in the use of the figures : whether single or in groups, they 
more closely resemble the objects a soldier would have to fire at in 
warfare than circular bulls-eyes and centres ; and the argumei.t 
that a hit anywhere will cause a wound which would disable an 
enemy probably explains the fact of their being estimated at equal 
values in musketry practice, whatever their distance from the 
centre may be, so long as the hit is within the outline of the figur^i. 
The men under instruction are still taught to try and hit the 
centre of the object aimed at, on account of the margin this allows 
for variations in direction and elevation, and it is in accordance 
with this principle that the circles representing bull's-eyes and 
centres are retained, though they are only visible to the markers 
in the range practices. They enable the superior quality of the 
marksman to be shown, who, without seeing a distinct bull's-eye 
to aim at, can place his shot nearest to the centre of the figure or 
group of figures. Although certain advantages may atteiid the 
plan of attaching equal values to hits irrespective of distance from 
the centre of the object aimed at in some practices, it should not 
be forgotten that the principle of making no distinction in the 
value of the shots is not a right one, optically regarded, for it puts 
different degrees of accuracy of aim, and probably different qualities 
of sight, all on the same level. A man who only hits the target 
at the distance of the head or foot of the figure may not be able to 
fire more accurately owing to some visual defect, and, in conse- 
quence, may be but little to be depended upon as a practical 
marksman on other occasions of more importance, especially under 
different circumstances of illumination and contrasts of colour. 

Test-dots introdneed among Snellen*s Test-types. — About the 
time that the circular test-dots were introduced, an edition of 
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Snellen's test-types was printed for distribution among the medical 
officers of the British army.* Dr. Snellen at my request intro- 
duced the test-dots among his test-types, and it may be observed 
that he placed above them the numLer 54, to indicate the number 
of Paris feet, equal to 57 English feet, at which the test-dots ought 
to bj held for testing normal acuteness of vision. At this distance 
the t<^st-dots would form a visual angle of the 60th part of a degree, 
which, as already explained, Dr. Snellen has taken as the smallest 
visual angle under which an object is visible by an eye possessing 
average normal acuteness of vision under ordinary conditions. 

But, as all Dr. Snellen's types and figures are rectangular 
objects, while tlie te^t-dots introduced among them are circular, it 
follows that a difference of calculation was required for the test-dots. 
The difference between the area of a circle and the area of a square 
should have been taken into account. The area of a square to that 
of a circle is as 1 : 785i, and, taking 54 Paris feet as the dis- 
tance at which a rectangular object one-fifth of an inch square 
should be seen by normaMy acute vision, a circular object one-fifth cf 
an inch in diameter would, in proportion, be only visible by an eye 
of normally acute vision at a distance of a little under 43 Paris feet. 

If all recruits could read, it would be far better to use types of 
definite sizes, such as Snellen's, for the examination of vision. The 
visual acuteness could be definitely registered, or the possession of 
any fixed standard of power of sight deterufiined. But, as by the 
latest returns (Anny Medical Report, 1887) there were still 9 per 
cent, of the recruits who sought enlistment unable to read, a simpler 
tesr, such as that of merely counting a few spots of certain size at 
a given distance, is rendered necessary. 

Degree of Visual Aeateness shown by Counting the Circular 
Test-dots at 10 feet. — It has been mentioned that the circular 
tL'st-dots one-fifth of an inch in diameter, when first introduced, 
were ordered to be held at 10 feet distance from the recruit, this 
distance, so far as concerned the production of the image on the 
retina, being equivalent to that of the bulKs-eye 3 feet in diameter 
when seen, as ordered, at 600 yards. As already explained, 
similar test -dots held at the same distance are again employed for 
testing the vision of recruits, and form the authorised standard by 
which their acceptance or rejection is at present regulated. But 
it has been shown that under average normal acuteness of vision 
they should be seen at a distance of about 43 feet. Therefore, 
sincc* 10 : 43 : : 1 : 4*3, it follows that recruits accepted under the 
visual test just named are accepted with a fraction less than 
one-fourth of average normal acuteness of vision. In other words, 
if Snellen's t<»st-types were used instead of the test-dots as the 
standard of visual suflSciency, a recruit would be accepted whc 

» 7>.v^ Typegfiir (he Drtervtinatum of the Acnteness of Vision. By H. Snellen, 
M.D. Second e<litiotJ, Utrecbl, 1804. 
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could only read the 20 -feet type at a little under 5 feet distance 
(4 feet 7| inches) instead of the full distance of 20 feet. 

Visual AcnteneBB shown by Gonnting the Circular Teslrdots at 5 
feet. — It is ordered in the Regulations for the Militia, 1883, p. 32, 
that a medical ofiScer, in the examination of a militia recruit, is to 
ascertain ' that his vision is good, or at least sufficiently good to 
enable him with his right eye to discern objects clearly at not less 
than 300 yards ; ' and it is laid down in the directions on the back 
of the test-dot card in present use that the test-dots are to be 
counted by a militia recruit at a distance of 5 feet, in accordance 
with the requirement just named. It follows, therefore, that a 
militia recruit may be accepted who has only half the minimum 
allowed for a recruit of the regular army, or between ^th and ^th 
of normal acuteness of vision. If Snellen's types were used as the 
test, then a recruit would be accepted for the militia by the 
regulated standard who could only read the 20-foot type at a dis- 
tance of 2 feet 4 inches, instead of the normal distance of 20 feet. 
This equally applies to recruits for all departmental corps. 

Visual Acnteness shown by Gonnting the Square Test-dots at 15 
feet. — The rectangular test-dots one-fifth of an inch square had not 
been introduced when the English edition of Snellen's test-types 
was published. Had they been, the figure 54 would have been 
rightly attached to them as showing the number of Paris feet at 
which they ought to be placed from an eye in proof of normal 
auuteness of vision. The order required the 2-foot square bulFs- 
eye to be seen at 600 yards, which is the same as requiring the 
y square test-dot to be seen at 15 feet ; for 2' : GOO yards : : 
02 inch : 15 feet. But as for normal acuteness of vision by Snellen's 
standard they should be seen at 54 feet, * it follows that recruits 
were accepted when these dots were held at 15 feet, with less 
than one-third of normal V. (15 : 54 : : 1 : 3*6). 

Beduction of Distance for the Square Teslrdots by Order of 
August, 1870. — In August, 1870, the following circular modifying 
the standard of vision to be determined by the test-dots was issued : — 

. * CalcidnUon cf Distance niih respect to Vitual Angle — The distance at which 
an object, the measure of whose extreme limits is known, ought to be placed in 
ordi r to subtend an angle of one minute may be roughly ascertained without 
difficulty, for the radius of the circle of which that measure forms ^.art under the 
angle named will give very closely the distance required. 

Thus, taking the square test -dot under notice : — If an object 02 of an inch in 
measure occupies 1 minute of a circle, 1 degree of the circle will be equal to 12 
inches, and the circumference will be 360 feet. The diameter being equal to the 
circumference divided by 3141 6, the radius will be 57 English feet, omitting fiao- 
tions. Therefore at 67 feet distance the visual ai»gle of the 02 of an inch test -dot 
will be one minu e. All the distances in the English edition of Snellen's test- types 
(1864) were stated in French feet, and, as the ratio of English to French feet is 
46 : 49, so, omitting fractions, the 57 English feet would be equal to 54 French 
feet, the number stated above the test-doti$ in Snellen 'b tables. 

A fact, easy to remember, is that a circular object, wl.en removid to a distance 
ecjual to 57 limes tiic measure of its diameter, is seen under a visual angle of one 
degree. 
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RecruitiDg. Horse Guards, 3rd August, 1870. 

Circular Memorandum. 
With reference to the iD.«truciioD8 for the medical exaniination of r8crui^s, 
dated Julj 1, 1870, it is notified that the medical officer will adhere strictly to 
the necessity that the vision of the recruit he sutiicieutly good to enable him to 
See clearly ; that paragraph 3 of cJause D be carefully attended to. but that para« 
graph 8 of the same clausse, hs regards short sight, is so far miidiiied that each 
te.->t^ot on the card now requirrd to be seen distinctly at 15 feet may, till further 
noLice, be tested for a distance of 10 feet only. 

Oleic. A. Edwards, 
I. G. of Kdcruiting. 

By this Order a further reduction in visual acuteness took place, 
for myopic recruits were to be taken who could recognise the test- 
dots at ] feet only. The required standard of V. was thus lowered 
from —T to -7j of average normal acuteness of vision. 

Eedaction of required Visual Acuteness limited to tliat caused 
by Myopia. — It should be noticed that the circular limited this 
depression of the standard to cases of myopia, and it threw on the 
medical officer the responsibility of distinguishing between defec- 
tive vision due to short sight, and that resulting from other ocular 
abnormal conditions or disorders. The medical officer was directed 
to adhere strictly to the necessity of only accepting a recruit with 
vision 8u£idenilii good to ennhle him to see clearly : merely the range 
of vision within which myopic recruits were required to see clearly 
was curtailed. At the present time no special limitation is in force 
as regards myopic relatively to other recruits. The existing regu- 
lations require that the circular test-dots shall be seen distinctly- 
enough to be counted correctly at a distance of 10 feet by all recruits 
of the regular army alike, excepting those for departmental corps. 

duality of Vision tested by the Dots a Minimum duality.— It 
is not to be forgotten that the examination carried out by the card 
of test-dots is for a minimum quality, and that an unknown number 
of recruits, probably a large proportion who are passed fit for ser- 
vice under its application, have a range of vision far beyond that 
which is indicated by the trial. The precise number of men ad- 
mitted into the service who possess a farther range and higher 
degree of acuteness of vision than those demanded by the authorised 
test dot standard could only be ascertained by testing the full range 
and acuteness of vision of each individual who is enlisted. 

Bules for the use of the Test-dots. — When employing the test- 
dots for trying the power and range of vision of recruits, it is 
important that the rules laid down for the manner of using them 
should be duly attended to. The following are the instructions 
printed on the back of the test-dot card of the present pattern (No. 
27 I Gen. No. 4909. June, 1885) :— 

Mem. Each dot corresponds, at a distance of 10 feet, with a 
bull's-eye, 3 feet in diameter, at GOO yards. I'his is the range of 
vision required for recruits for the regular army except those for 
departmental corps. 
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Directions for imny the ' Test-dot Card.^ 

1. Place the recruit with his back to the light, and hold the 
test- dot card perfectly upright in front of him, letting the light 
fall fully on the card. 

2. Measure off with precision 10 feet in the case of a recruit for 
the retrular army, and 5 feet in the case of a recruit for a depart- 
mental corps or the militia, the range of rision required for such 
corps being only 800 yards. 

3. Examine each eye separately. The eye not under trial should 
be shaded by the hand of an assistant, who will take care not to 
press on the eyeball. 

4. Expose some of the * dots/ not more than 7 or 8 at a time, 
and desire the recruit to name their number and positions ; vary 
the ^oups frequently to provide against deceiition. 

The Test-dot Card must be kept perfectly clean. 



CHAPTER IX. 



Mode of Condncting Vi.«*ual Examination— Appliances used in the Examination — 
The Examination Room— Each Ej-e to be separately Tested- Defective V. of 
either Eye causes Rejection of a Recruit — Pressure upon the Eye to be avoided 
— Applica'ion of Test-dots — Relative V. of Right and Left Eye -Procedure 
if Imposition be suspected — Secondary Inspection of Recruits — Field of V. — 
Visual Examination of Soldiers — Application of Snellen's Test-types — To 
ascertain the Sources of Defective V. — Preliminary Inspection of the Front of 
the Eye — Lateral Illumination — Detection of M., H., and Ast. — Ambl., how 
to distinguish from M.— Ambl. complicated with M. — Disqualifying Degree 
of M., H., Ast., and Ambl. - Weak V. from other Causes — Colour-blindness — 
Degree of M. which does not disqualify for Service —Visual Quality rvssential 
for Soldiers— For dilTerent l^arts of an Army — Degree of M. which disqualifies 
for Service — Myopic V. of 7^. or 1'75 D. — M. = j^ or 1-25 D. — Ametropia in 
Continental Armies — Spectacles not worn by Soldiers in the Ranks — Spectacles 
at Musketry Instruction — V. necessary for Commissioned Off.csra — Declaration 
concerning V. by Candidates for Commissions — Blindness of One Eye — 
Quality of V. required for the Line — For the Indian Govt. Sei vices — Attempts 
at Deception— Quality of V. required for Army and Indian Medical Staff— For 
the Royal Artillery and Engineers — For Special Ins* ruction at School of 
Musketry — For Royal and Indian Navy — Impaiied Virion of one Eye in a 
Soldier not a Cause for Discharge — Aiming with tiie Left Eye — Detection of 
Simulated Impairment of V. — Assumed Blindness of one Eye — Modes of De- 
tection — Case in Illustration — Assumed Defective V. of both Eyes — Modes of 
Detection — Ca^^e in Illustration — Simulation of Defective V. seldom attempted 
by British Soldiers. 

1. Visnal Examination of Eecmits. — The visual examination of 
a recruit by the test -dots need not occupy under ordinary circum- 
stances more than a few seconds of time. When it is considered 
necessary, for special reasons, to determine further the quality 
of vision of a recruit, as when the evidence afforded by the test- 
dots leaves some ground for doubting its accuracy, the additional 
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examination may perhapfi occupy 10 or 15 minutes, and it is best, 
therefore, to allow the recruit to dress himself before this further 
examination is begun. 

1)1 the latest edition of the Medical Regulations (1885, p. 169) 
the recruit's vision is ordered" to be tried by the test-dots before 
pn)ce('ding to the general examination while he is undressed, pro- 
l)ably because further examination is held to be unnecessarj^ if he 
is obviously unable to comply with the tests submitted to him. 

2. Appliances for Visual EzaminatioiL — If a particular exami- 
nation of the quality of V. of a recruit is required, it must be msule 
in the same manner as the visual examination of a soldier who is 
already in military service. The ordinary ophthalmoscopic and 
o[)tical case is sufficient, in conjunction with the test-types and 
dots, for prov'ng the quality of V. |K)8sessed by a soldier in all 
ordinary instances. For special purposes a complete case of trial 
lenses is necessary, and a good perimeter is desirable. Full sets of 
lenses afford facilities that cannot be obtained by any other means 
for solving complicated optical defects, and for sifting suspected cases 
of simulation. They are, therefore, especially useful in general 
and invaliding hospitals, to which such cases are commonly sent 
for decision. They also afford the means of proving, by positive 
correction of the defects, the correctness of estimates of abnorm- 
alities of refraction, and of amounts of loss of accommodatory power, 
which have been previously diagnosed elsewhere. 

3. Examination Boom. — Rooms in which the examination of re- 
cruits is conducted should be well and equally lighted in all direc- 
tions. This arrangement is especially important in testing vision. 
The light falling on the test-objects to be looked at should resemble 
the ordinary external diffused daylight as nearly as possible. It 
should neither be dazzling nor obscure. If the examiners V. is of 
normal standard, or its degree is known to him, the sufficiency of 
the available light can readily be tCvSted by personal observation. 
The eyes of the men to be examined should be habituated to the 
degree of light in the room for some minutes before the examina- 
tion is made. The conclusions would not be accurate if the tests 
were suddenly applied to a man who had just left a place that was 
either much darker or more brilliantly lighted than the examina- 
tion room. 

It is a matter of convenience and also a means of saving time 
to have eome Imes, showing distances in feet, or in metres and parts 
of metres, permanently marked in ink upon the floor of the room 
in which Snellen's types or the miniature bull's-eyes are used. 
Whenever the space is available the distance should extend at 
least to 20 feet or to G metres. The addition of a simple stand 
for suspending a table of Snellen's types at the end of the range 
thus marked out is also useful. They should be suspended on a 
level with the eyes of the person to be examined. 
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In conducting the examination, the soldier or recruit is placed 
with his back towards the window or source of light, so that while 
his eyes are in relative shadi^ there is a full illumination of the 
types or dots by which his sight is tested. This is important as 
regai'ds both the large and small types when test-types are used, 
but particularly so as regards the small types for trying near 
vision. 

A range of 6 metres, or 20 feet, is essential for applying the 
most recent rules for testing the vision of candidates for commis- 
sions in the army, and, as described in the preceding paragraph, 
this range should be suitably placed in relation to the source of 
light. 

4. Separate Examination of each Eye. — It is always necessarv 
to test each eye separately. It will not often be found, even under 
healthy conditions, that the absolute refractive qualities of the two 
eyes of the same person, indep<^ndent of accommodatory exertion, 
are precisely alike ; but in defective conditions of vision the differ- 
ence between the two eyes is usually more marked. It has some- 
times occurred that a man has been blind in one eye without 
knowing it until attention has been directed to each eye separatelv 
by optical examination. 

5. Defect of Vision in either Eye of a Eecruit. — Under existing 
rules the existence of defective vision in either eye is a cause of 
medical rejection of a recruit seeking enlistment. Though the 
right eye may be up to the standard, if the vision of the left eve 
be so defective as to prevent the recruit from being able to couiit 
the test-dots with it, the orders are that he must be rejected. He 
must see clearly with each eye separately at the regulated distance. 
In the former days of long service with the colours the chances of 
the sight of the normal and efficient eye becoming independents 
affected by disease originating in the exposure and ether causes 
incidental to military service, and of the man thus becoming dis- 
abled for duty and entitled to claim a pension, doubtless had an 
influence in determining the rule that not only the right eve, but 
the left also, of a recruit should be ascertained to be up to the 
authorised standard of visual acuteness before he is passed fit for 
acceptance as a soldier. 

6. Pressnre on the Eye. — In examining the eyes separately, an 
assistant should cover the eye not occupied in regarding the object, 
and not the man himself. If the man be allowed to close it he 
will probably, from carelessness or nervousness, exert undue pres- 
sure on the globe^ disturb its condition for clear vision, and cause 
delay until this disturbance is recovered from. The assistant who 
covers the eyes should be taught that if any pressure be made it 
Fhould be limited to the margin of the orbit. The object is simply 
to exclude light by closing the lids or shading the light with 
the hand ; the eye itself should not be pressed upon. If undue 
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pressure have b<»en made, the man's vision will be rendered misty, 
and it will Ik* n.»cessary to wait a minute or two until the eye has 
recovered its nonnal state before applying the test for visual power. 
The assistant should bi» taught to cover the eye by the palm of the 
hand, formed into a hollow for the purpose. If the fingers are 
employed, they are apt to press upon the glob3, and there may in- 
advertently be vacant spaces lefb between them ; in which case, 
either accidentally, or intentionally taking advantage of the oppor- 
tunity, the eye not under examination may look through one or 
otheir of these 0|K^ninc3:s. 

If a trial case of lenses be available, it is still bett'^r to use the 
spectacle frame, and to place either a ground glass or opaque metal 
disc, both of which are usually supplied with such cases, in front 
of the eye not under trial. Not only is pressure on the globe thus 
prevented, and all chance of the person seeing through chinks 
obviated, but the freedom of movement of the eyelids is not inter- 
fered with. 

7. Application of Test-dots. — Tf the man under examination 
l)e a recruit, as soon as he is placed in position, the test-dots are 
held upright before him at the prescribed distance — 10 feet in the 
CUM' of a recruit for the regular army, and 5 feet for militia and 
departmental corps recruits — and ho is asked to state the number 
of dots exposed to his view, in the manner already explained at 
p.icire 189. He should b:^ required to count two or three series of 
dots with each eye, and if he replies readily and satisfactorily, so 
far as power of vision is concerned, he is lit for ser\"ice.* 

8. Eejection of a B^omit — If the recruit should make repeated 
mistakes in counting the number of dots presented to him at the 
prescribed distance, and there is no reason for suspecting that he 
is not doing his best to try to see them clearly, especially if he 
should succeed in counting them correctly when they are held at 
some point nearer to him than the prescribed distance, he is then 
rejected as unfit for service on account of ' defective vision.' "The 
regulations do not require that the nature or degree of the defect 
should be particularly stated at the first inspection of recruits. 

9. Eelative Visual Acnteness of the two Eyes. — As recruits in 
aiming and firing practice's are taught to use the right eye only, 
the left; being closed, it seems worth consideration whether it is j 
necessary to insist on men seeking enlistment having the same 
range and power of sight in the left as in the right eye, particularly 
under a* system of engagement for short service. Compliance with 

' The follnwinpr regulation on the applicatinn of tes*»dotsi8 pFen in panMrraph 
P8r» of the latest published Army Mi'dical Ue^ulalions of 1885. 'In examining 
a recruit's vision he will he placed with his hack to the light, and made to count 
the dots and describe their position at the di.^tanccs specified on the test-dot card, 
first with b-^th eyes and tlien with each separately : the medical officer will 
manipulate the card, while the assistant covers each eye alternately with the tiat 
of his hand. 
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the authorised standard of visual power does not exclude a man 
who has simple M. of about 1-5 D, or -^j. And, supposing this to 
be the degree of M. of his right eye, although the M. were as high 
as 3 D, -j^^, in his left eye, there hardly seems to be any valid reason 
against accepting him as a recruit. Even if the visual acuteness 
of the left eye were lowered by the M. being complicated with 
Ast.j so long as the visual defect is one of refraction only, not on» 
of any morbid origin involving a liability to recurrence of the 
disorder, it would not prevent him from seeing pretty well for cer- 
tain distances, and from doing ordinary duties in the ranks and in 
marching ; and there hardly seems to be good ground, therefore, 
under the present system of using the rifle, for rejecting him as a 
recruit if he be eligible in all other respects. 

The quality of vision of the left eye seems to be regarded as of 
minor importance in the case of recruits for the militia, for it is 
spacified, with regard to the medical examination, that one of the 
principal points to be attended to is that the recruit's vision is good, 
or at least sufficiently good to enable him with his right eye to dis- 
cern objects clearly at not less than 300 yards, while no quality of 
vision is referred to as regards the left eye. — (Regs, for the Militia, 
W.O. 1883, Part I. sec. 2, p. 32.) 

10. Defective V. due to Nephelopia or opacity of some of the 
Anterior Dioptric Media. — Diminished translucency of the central 
portions of the cornea consequent on keratitis, diffused deposit of 
lymph on the capsule of the crystalline lens after iritis, and, indeed, 
cloudiness of the anterior media of the eye from any cause, even 
though they may not exist to such an extent as to be readily 
obvious to external observation, cause indistinctness of vision from 
the diffusion of the rays of light by which the structures concerned 
happen to be traversed. If the loss of transparency is not con- 
siderable, the circular test-dots in present use may be counted at a 
distance of 10 feet in a good light, but it may be found that a 
recruit cannot count them beyond that distance. It is questionable, 
unless there is an urgent demand for recruits, whether a man 
should be regarded as fit for military service under such conditions, 
especially if the right eye is concerned, although he is able to count 
the test-dots at the prescribed distance. It is not merely that a 
maximum limit of 10 feet in counting the test- dots represents 
rather less than one-fourth of Snellen's standard of visual acute- 
ness, but in a large proportion of such cases a liability to recurrence 
of inflammatory action exists, and should this take place an aggra- 
vation of the existing defect is almost inevitable. 

11. Procedure when ImpoBition isisuspected.— In the British 
service, as recruits are for the most part men voluntarily seeking 
enlistment as soldiers, not like the majority of conscripts in Con- 
tinental armies trying to escape enlistment, if any efforts at all are 
made by them to practise imposition, they will probably be directed 
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to the concealment of any defects of V. they may labour under, 
rather than to their exaggeration. 

If, however, there is cause for suspecting that the man who has 
volunteered for enlistment has changed his desire on the subject, 
and that he is trying to escape from the bare^ain he has so far 
entered into by assuming a visual defect which does not really 
exist, he must be subjected to further tests before he is pronounced 
unfit for service on this account. 

12. Visual Examinatioii at Secondary Inspection of Secraits. — 
I^iany instances have occurred in which a recruit at first examina^ 
tion has been passed fit in respect to visual power and range, but, 
on being subjected to secondary inspection, has been found unable 
to count the test-dots accurately at the proper distance with one 
or other eye, or even with both eyes. At the secondary inspection, 
when the test-dots are placed before the man, he may perhaps give 
a succession of wrong replies as to the number of dots exposed to 
his view. Great caution should be exercised in such a case as to 
the rejection of a recruit. The presumption is certainly that he 
was properly tested at the first examination, and that for privat.e 
reasons he does not choose to count the test-dot« correctly at the 
secondary inspection. Unless there is some evident ocular defect 
which has been overlooked at the former inspection to substantiate 
the man's statement, a case of this kind is calculated to excite 
strong suspicion of the disability being feigned, and systematic 
steps should be taken to ascertain whether the man's statements 
are true or false. This can be done by ascertaining the man's 
alleged V. when the test^dots are placed before him, and then 
comparing it with the results obtained from the application of 
other test objects, Snellen's types, for example, as elsewhere ex- 
plained. 

The following special direction on the point just referred to is 
published in the Army Medical Regulations of 1885, para. 987: — 
* A recruit whose vision has been tested and pronounced good on 
a primary examination will not, through his own declared inability 
to see the test-dots on secondary examination, be rejected unless the 
approving medical oflScer is satisfied that the man's vision is really 
defective and no deception is being practised by him.' 

13. Field of Vision. — It is important that a recruit should not 
only possess sufficient central acuteness of vision, but that he should 
also have his field of vision complete in both eyes. Loss of the 
outer or temporal portion of the field of view of either eye from any 
cause especially unfits a man for military duty, for it disables him 
from noticing the objects by which he may be surrounded on the 
defective side and, consequently, from properly steering his way 
among them. A considerable portion of the lateral field of view 
belongs solely to the eye on the side concerned, as elsewhere 
explained, and a deficiency in it is not in any degree supplied or 
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compensated for by the eye on the opposite side. The temporal 
portion is not a part of the field of view which is common to both 
eyes, and when this portion is absent, objects on the side concerned 
do not attract observation or attention so long as a soldier, is 
marching and looking directly forward. The manner in which 
the existence of deficiency in part of the field of vision is to be 
ascertained has been already described (see page 12). 

14. Visual Examination of Trained Soldiers. — When it is neces- 
sary to determine the V. of a soldier already in the service, the 
general manner of conducting the examination is the same as 
with the recruit, only the test-types should be used instead of the 
test-dots. The trial by the test-dots at a prescribed distance, as 
before explained, has been specially ordered for men seeking ad- 
mission into the army. In the cases of trained soldiers already 
serving, a complete examination is required, as more important 
issues depend on the decision at which the surgeon may arrive. 
The question usually submitted to the medical officer is whether 
the inefficiency of a soldier who shows himself to be a specially bad 
shot at particular distances at the annual course of musketry in- 
struction, or who shows himself incapable of judging distance with 
an approach to correctness, is due to some visual defect or not. 
The nature of the defect, if defect exist, and the extent to which it 
disqualifies the man for duty, have therefore to be ascertained and 
stated with accuracy. 

15. Use of Snellen's Test-types.— In such cases the degree of V. 
must first be determined, and this is very easily done by Snellen's 
test-types or test-figures. The mode of ascertaining and express- 
ing the acuteness of vision by these objects has been explained at 
page 163. 

16. Vision not defective. — If the tests are so answered as to 
show that the man under examination possesses average normal V., 
or a near approach to the average, all morbid states of the eye, such 
as limitation of the field of vision, as well as disorders of its appen- 
dages, being understood to be excluded, the subjects of complaint are 
manifestly not due to visual defect. 

17. Procedure if Vision be defective. — If V. is proved to be 
considerably under the average, the cause of the deficiency must 
be ascertained. 

In the first instance, particular and special attention must be 
paid to the examination of the anterior ocular structures. The 
cornea, anterior chamber, iris, and crystalline lens of the affected 
eye should be subjected to minute observation. In the case of a 
recruit at secondary inspection, defects may possibly be found to 
exist in these structures sufficient partially to obscure V. which were 
not perceived in the observation of the eyes made at the primary 
inspection, although this could hardly occur if the tests for eyesight 
had been properly applied. They may equally exist in the case of 
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a soldier serving in the ranks, without being visible by ordinary ob- 
Bt»rvation, as the result of some inflammatory action to which the 
eyes have been subjected. This preliminary inspection is important 
and should invariably be made. Considerable time is often wasted 
afterwards when it has been neglected. 

18. Lateral lUunination. — The superficial examination is very 
rapidly made by lateral illmnination^ and indeed can only be 
thoroughly accomplished by its means. Lateral illumination sig- 
nifies lighting up the parts required to be observed by concentrating 
upon them a pencil of rays cast in an oblique direction. The man 
is brought near the window of the room, one of the bi-convex object 
lenses in the optical case is placed vertically near the outer angle 
of the eye under observation in such a way that the light passing 
through it is made to converge upon the cornea, or through the 




Fig. 74. — Lateral Illumination. 

cornea on the iris or lens, and the condition of all these struc- 
tures is then examined by the spectator standing in front. This 
lateral illumination is of course more brilliantly seen when the 
flame in the ophthalmoscopic room is used as the source of light, but 
is suflSciently marked by solar light on any ordinarily clear day. By 
these means the slightest roughness of the surface of the cornea, 
interstitial haziness, minute ulcers, or the remains of them, fine 
exudations at the margin of the pupil, posterior synechiae, com- 
mencing cataract, are made most obvious to observation, while the 
pencil of rays at or near its focus is made to play upon each structure 
at pleasure. Noth ing can be more beautiful than the perfect precision 
with which opacities of the cornea and lens, adhesions of lymph to 
the capsule, and other morbid changes, some of which may not be 
perceptible under ordinary observation, become defined by light 
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thrown laterally upon them in the manner just described. If 
minuter observation be required, the objects while thus illuminated 
by a lens held in one hand may be magnified by a second lens held 
within its focal distance by the other hand in front of the eye, with- 
out impairing their brilliancy or distinctness of outline (see fig. 74). 
A little practice will enable the operator at one and the same time 
to direct the apex of the luminous cone proceeding from the lens 
held between the thumb and forefinger of one hand upon any 
point of the anterior segment of the eye at pleasure, while he so 
adjusts the lens held between the thumb and forefinger of the 
other hand in front of the eye as to obtain the enlarged view of 
the parts thus illuminated which he wishes to examine more par- 
ticularly. 

A suflBicient explanation of the impairment of sight will some- 
times be found in this preliminary examination of the eye ; but if 
nothing abnormal can be thus detected, the examiner must proceed 
farther, with a view to discovering the source of the defective vision 
under which the recruit or soldier appears to labour. It may be 
due to ametropia, astigmatism, amblyopia, or disease of some of the 
structures constituting the fundus of the eye. 

19. Detection of Myopia.— The recruit who has not been able 
to count the test-dots at the distance of 10 feet is found able on 
examination to count them at some distance short of it. Equally 
the soldier who has not been able to read the 20-ft. or 6-m. types 
at the proper distances is able to read them at some fixed distance 
nearer to the eye. In both instances V. is much improved, and 
the dots and types distinguished farther away by the application 
of a stenopoeic hole. The Mc. soldier is found able to read the small 
No. 1 or 0-5 types at or near the distance of 12 or 20 inches respec- 
tively from the eye. The external signs described in the general 
remarks on M. will probably at once cause the surgeon to judge that 
no simulation is being practised, and indicate the true nature of the 
affection he has to deal with. The position of the near point of V., 
in relation to age, will help in the diagnosis, and, further, the use of 
the convex spectacles, as explained in the section on Myopia, will 
tend to remove any doubts that may remain. But the refractive 
condition of the eye should always be objectively determined by 
the ophthalmoscope in suspicious cases, in the manner described 
in the third chapter of this work. This applies to every case of 
suspected exaggeration or simulation of Mc. defect, for it enables 
the surgeon to arrive at a conclusion on the state of refraction, 
which it is out of the power of the man himself to control. 

20. Detection of Hypermetropia. — The hesitation and difficulty 
which the He. recruit or soldier exhibits in recognising the types 
and dots at any distance, and the form of the eye, will probably 
lead the surgeon to suspect the afiection under which the man is 
labouring. If, in addition to the largest types being only read 
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with effort, the smallest (No. 1) type cannot be recognised, or only 
with much diflSculty, while the No. 2 or the 0*5 types appear more 
distinct at a distance than when brought close to the eye, not only 
11. but a deticiency of Ace. for near V. are indicated. Here, 
again, the position of the near point of V., relatively to its normal 
position according to age, should be noted. But the diagnosis 
should l)e established objectively by the ophthalmoscope as well 
as by the convex spectacles, as already explained in the section 
on H. 

21. Detection of Aftigmatiim. — If the man under examination 
has exhibited hesitation or particular diflSculty in recognising the 
letters or counting the dots at any distance, and the tests for 
simple H. and M. are not readily responded to, the existence of 
Ast. may be suspected. The man should be then tried by Snellen's 
20- ft. vertical and horizontal lines or dots, or the astigmatic Fan. 
lie should also be subjected to ophthalmoscopic examination in 
order that the diagnosis may be established in the manner explained 
in a previous part of this work. The method of proceeding for 
determining the kind and degree of Ast., supposing its presence 
to be established, has been explained in the special section on 
Astigmatism. 

22. To diftmgnish Amblyopia from M. — ^If, although the trans- 
parency of the ocular media be unimpaired, it be found that the 
smallest-sized types and dots cannot be distinctly seen at any 
distance, and that larger-sized type is held nearer than normal to 
the eye, the recruit is probably labouring under amhlyopia ; he 
cannot be affected with simple myopia. To ascertain if this be the 
cause of his defective vision, weak concave lenses, when these are 
at hand, are placed before his eyes. If he now sees distant objects 
worse than he did before, his defect is almost beyond doubt some 
form of Ambl. ; for the concave glasses which would improve vision, 
if he were myopic, render vision worse in Ambl. by diminishing the 
retinal images. When the convex 4 D spectacles are placed 
before his eyes, if the man under examination be emmetropic but 
at the same time amblyopic, he will be able to see the 1*5 D type, 
•)r type of larger size, at a distance of 10" from the lenses, although 
he is unable to see the smaller-sized types at that distance. 

The stenopccic hole may also be used for settling the question. 
If a man be Mc. and look through the stenopceic aperture in a 
metal diaphragm, or through a pinhole in a card at distant objects, 
he will perceive them far more clearly ; while if he be amblyopic, 
there will not only be no improvement, but the objects will appear 
more obscure. A person affected with a high degree of M., as 
M.=4 D or 5 D, will probably be able to recognise Snellen's 
moderately sized types (D = 2 or 2 25) at double the distance when 
regarding them through a stenopoeic hole that he will be able to do 
with his naked eye, while a person affected with Ambl. will not be 
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able to see them any farther, and probably not so far off, by this 
proceeding. 

23. Amblyopia complicated with M. — ^M. may be complicated 
with Ambl., and it is important to distinguish simple short-sighted- 
ness from short-sightedness with this complication. In the latter 
case, when the + 4 D spectacles are worn, the subject will see types 
up to some distance within 10 inches — say, for example, 5 inches. 
The patient's true far point of distinct V. is then at 10 inches, and 
if the M. be uncomplicated with Ambl., he will be able to read the 
0*5 D type at the distance of 10 inches without the aid of lenses. 
If it be complicated with Ambl. he will require the 05 D type to 
be held nearer to the eye than 10 inches ; he will be only able to 
read some of the larger types at that distance. Again, simple M. 
is completely corrected by suitable lenses, and hence a ready mode 
of establishing an exact diagnosis between simple M. and M. witK 
Ambl. is afforded. Having proved the existence of M. according 
to the methods already explained, the degree of M. is next deter- 
mined. The proper concave lenses to correct this degree are then 
applied, and with them the simply myopic person will be able to 
see plainly the types of various sizes at their proper distances ; but 
if he be also amblyopic he will only be able to see types of larger 
sizes at them, according to the degree of Ambl. By referring to 
the description of the causes of Ambl. it will be seen that the 
occurrence of Ambl., if extensive, with M. is a grave complication: 
for it indicates the existence of disease, and not merely peculiar 
conformation of the eye. The nature of this disease must be solved 
by ophthalmoscopic examination. 

24. BegQlated Conditions nnder wMoh M. disqualifies for 
Military Service. — If the test-dots cannot be counted 10 feet off, 
owing to M., the man under trial is to be rejected as a recruit. 
Myopia, therefore, when accompanied with V. inferior to —3 Sn., 
disqualifies for military service. No special degree of M. has been 
fixed on as disqualifying for military service, but the disqualifying 
degree may be approximately estimated from the extent to which 
its interference with acuteness of vision is held to unfit a man for 
military service. This is considered farther on. 

25. Condition nnder wMch H. disqualifies. — The recruit who 
cannot count the test-dots at 10-ft. distance, and whose inability 
to do so is proved to be due to H,, by existing rules is disqualified 
for service. Hypermetropia, accompanied with V. inferior to 4^.3, 
therefore excludes from enlistment as a recruit. It must not be 
forgotten that the disabling effects of H. are more or less felt in 
both far and near vision, that they increase with age and with 
diminished power of exerting Ace. from any cause, and that they are 
sure to be aggravated by anything that weakens the soldier. 

26. Conditions under which Ast. disqualifies. — ^The same rule 
applies when the eye is found to be astigmatic. Ast., therefore, 
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of any form, when it ia accompanied with V. inferior to ^3, excludes 
from enlistment as a recruit. 

27. Disqualifying Degree of Amblyopia. — The general rule that: 
the test-dots must be counted readily at 10-ft. distance by each 
eye determines the disqualifying degree of amblyopia. Whatever 
may be the cause of the Ambl., if it exist to an extent which pre- 
vents a recruit from counting the test-dots at a distance of 10 feet 
from the eye, it dipqualifies the man for military service. It is not 
ordered that the cause of the Ambl. is to be determined in the case 
of a recruit. The reduction of V. to about one-fourth of the normal 
standard from Ambl. is more disabling than a corresponding re- 
duction owing to M. or H,, for the defect in the case of Ambl. 
does not admit of correction or amelioration by lenses. 

28. Disqualifying Degree of Hephelopia. — Loss of transparency 
in some parts of the dioptric media from previous inflammatory 
action will be found in most of the instances comprised under this 
heading ; but whatever the visual defect may be in a given case, or 
whatever may have been the pathological conditions or lesions which 
have led to the dim-sightedness, the fitness or unfitness for military 
service of the subject of it, according to existing rules, is tested in 
the same manner as the degree of V. in other instances If the 
affection do not hinder a recruit from counting the test-dots at the 
fixed distance of 1 feet, it does not exclude him from military 
service ; but if V. is so reduced as to prevent him from counting the 
test-dots at that distance he is ineligible. 

If the nature of the affection should be such as to indicate a 
liability to recurrence of the morbid action wnich originated it, in 
which case an aggravation of the defect might be anticipated, even 
though the man could pass the test-dot examination, it would 
manifestly, under the circumstances, be imprudent to declare the 
subject fit for military service ; while the same condition in a trained 
soldier would not justify his discharge from the service on the 
mere assumption of a similar tendency. 

29. Disqualifying Colour-blindness. — Colour-blindness is not 
specially named in any military regulations as a ground for reject- 
ing a recruit for the ranks, and recruits are not usually tested in 
respect to sense of colour. It might, however, if attention were 
directed to the subject, be comprehended in the general term 
* defects of vision.' 

All candidates for employment in the Royal Navy, ofiicers and 
men, are tested with regard to their capability of distinguishing 
colours, and if they are discovered to be colour-blind, the defect is a 
cause of rejection. They come under the regulation, quoted on p. 15 1 , 
which is laid down in para. 1,074 of the Queen's Regulations and 
Admiralty Instructions. This rule includes medical as well as 
other officers. It is obviously necessary that medical oflScers should 
possess normal colour-perception, as they are the usual examiners 
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for .colour-sense in others. The conditions which render normal 
perception of colour in the officers and men of the Royal Navy so 
important have been already described at p. 152, in Chapter VI. 

30. Quality of Vision essential for Soldiers in the Eanks. — 
"Whatever visual disorder a non-commissioned officer or soldier 
serving in the ranks may happen to contract, so long as he is left 
with V. equal to that for which recruits are tested, he must be 
regarded as visually qualified for military duty. If he can read the 
6-metre type of Sn. at a distance of 1 metre and a half, or count 
the army test dots at 10 feet, he has still the power of sight which 
would have sufficed for his admission into the military service. 

The remarks regarding the need of a complete field of vision 
for a recruit equally apply to soldiers in the ranks. Hemiopia, and 
especially loss of the temporal portion of the field of view, due to 
causes occurring subsequent to enlistment, afford sufficient ground 
for the subject being brought forward for discharge from further 
military service. 

31 . Quality of Vision essential for a Marksman at taH Blfle Sange. 
— The capacity for becoming a perfectly reliable marksman at all 
the distances for which a modern rifle can be adjusted implies the 
possession of normal acuteness of vision in the right, or aiming eye, 
from the natural near point of distinct vision up to the remotest 
distance ; and this faculty can only exist when the eye is Emc. 
or so nearly so as not to exceed 0*5 D of ametropia, and when the 
Ace. is also normal. At the same time the left eye, or eye not 
employed in taking aim, ought not to possess less than three- 
fourths of the normal standard of visual acuteness. 

32. Degree of M. permissible in Becmits by existing Orders. — As 
M. is by no means an uncommon aflection, though far from being 
as common as it is in some foreign countries, it becomes important 
to be aware of the degree which, according to existing regulations, 
allows a recruit to be passed as fit for military service in the com- 
batant ranks. Uncorrected M. in a soldier is a grave matter, not 
only on account of its incapacitating him for the accurate use of 
his rifle, but also because it may lead to the safety of an important 
post, which he has been placed on sentry to guard, becoming 
endangered owing to his limited range of distinct view, especially 
as daylight diminishes. No set limit has been defined with respect 
to the degree of M. which incapacitates for service in the English 
army ; but it may approximately be arrived at by experimental 
observation of the degree of uncomplicated M. which admits of the 
test-dots being counted at the distance, 10 feet, which determines 
recruits to be eligible for service so far as vision is concerned. 

Experimental trials show that persons of equal ages, and still 
more persons of varying ages, difier considerably in their power of 
distinguishing the presence of objects, notwithstanding that the 
retinal images of the objects are obscured by an equal amount of 
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blurring from diffusion owing to similar myopic conformation of 
the eyes. This circumstance results from the fact that absolutely 
I)erfect definition of a retinal image is not necessary for recognition 
of an object. There are few, if any, eyes which can see a star as 
the luminous orb which it is. All the other conditions, too, on 
which acuteness of vision depends, besides perfect definition of 
retinal images, are subject to variations in different individuals. 
Differences exist in the power of preventing peripheral rays from 
entering the eyes as well as of eliminating the confusing effects of 
diffusion of retinal images, in habits of observation of objects, 
quickness of perception, and other influences of the kind. But 
taking the averagt* of a number of trials, at about the ordinary ages 
of recruits, I have found that persons affected with uncomplicated 
M. = 1 75 I) can manage, with each eye singly, to count the test-dots 
at 10 feet under suitable exposure in good daylight. The test-dots 
are seen mistily ; they may appear more or less altered in form, but 
they can be sufficiently distinguished to admit of being counted. 
The present test-dot standard for vision of recruits, therefore, 
admits men with an amount of M. = 1-75 D, and with visual 
acuteness less than -J- Sn. (^Ij). It will usually exclude degrees 
of M. higher than 1*75 D. 

33. The Qualities of T. which are needed in different Parts of an 
Army. — ^The M. which would make a man unsuitable for the 
duties of one arm of the service may not make him unsuitable for 
another. The M. which would unfit a soldier for aiming at long 
ranges, whether with a rifla or a field gun, or for the duties of a 
cavalry vidette, would not unfit him for the working duties of a 
sapper or pioneer, or for those of the commissariat and transport 
corps, or medical staff corps. Just as there are different standards 
of height, girth of chest, &c., for the men of different parts of 
the army, so equally necessary appear to be different standards of 
V. to fit them for their special duties. Certainly riflemen, artil- 
lerists, and cavalry soldiers, ' the eyes of the army,' should especially 
be as free as possible from short-sightedness, hypermetropia, and 
other defects of vision. 

What particular degrees of M. and H., however, should exclude 
men from special parts of an amiy in which very acute vision, 
and a long visual range, are essentially important, can only be 
determined after a definition by military authority of the exact 
requirements in those several parts of the service. It is the pro- 
vince of the military authorities to settle the degrees of V. which 
are necessary for the military duties and responsibilities demanded 
from soldiers in each branch of the military service ; it is the 
province of the medical officer to ascertain that the men possess the 
precise degree of V. which is ordered. At present, in the enlist- 
ment of recruits for the British army, the same orders in respect to 
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the examination of vision hold good for all recruits alike, whatever 
branch of the regular army they may be destined for. 

34i. Degree of M. which unfits for Military Duties in the 
Banks. — The circumstances of military service are so different in 
the British army from what they are in continental armies, the 
cost as regards the individual soldier is so much greater, that in 
the selection and acceptance of men for service — remembering, too, 
that only one rule exists for all parts of the regular army alike — a far 
higher standard in respect to visual power may well be looked for 
in the British as compared with continental armies. In a country 
in which conscrijdion is in force, and very large armies are main- 
tained, it is an object not to allow any men to escape conscription 
who can be turned to useful account in military service — if not fit 
for one branch, then to utilise them for some other — so that only 
an extreme degree of M. is allowed to exclude altogether from con- 
scription. In a country in which voluntary endistment and high 
wages are the rule, it is the object, as far as practicable, not to accept 
any men who are not sufficiently qualified for the performance of 
the duties which will devolve on them in the army. It is not to 
be forgotten that in many of the most important duties which 
soldiers have to perform, as sentries, videttes, in reconnoitring, in 
aiming at long ranges, clear vision of distant objects is essential 
for a trustworthy discharge of them. And when only one standard 
exists for all alike, it appears evident that the standard for those 
parts of the army in which a high degree of V. is a necessity should 
be chiefly taken into account in framing rules on the subject, in 
order that the required degree of military efficiency may be attained. 
To admit recruits with M. of about 7 D, with which conscripts are 
admitted in Italy and France, and other countries, or even with 3 D, 
and then to draft them for service as riflemen, would be a wasteful 
pecuniary outlay in the English army. Experience proves that 
the higher degrees of M. — M. of 7 D and above — rarely exist with- 
out the existence of posterior staphyloma and a tendency for the 
M. to increase. Considering, moreover, the amount of military 
service which is passed by a large proportion of the British army 
in India, and the ill efiects resulting from the over-stimulation of 
the retina of a myope by tropical light, the expediency of admit- 
ting men into the ranks of the army with such a degree of M. as 
is compatible with the present test of counting the test-dots at a 
distance of 10 feet, appears to be very doubtful. It seems to be 
very questionable whether any man with M. = 1-75 D ought to be 
accepted as a recruit, and no doubt it would not be done if it could be 
avoided ; such a man certainly cannot be a desirable recruit for the 
ranks in which the Martini-Henry rifle constitutes the firearm in 
ordinary use, or in any part of the service where precision of vision 
for distant objects is demanded unassisted by correcting spec- 
tacles. For parts of the army in which accurate sight is not such a 
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necessity, it would be difficult to lay down any rule as to the limits 
of M., or other ametropic conditions, admissible; for just as the re- 
gulations regarding the height, girth of chest, and other physical 
conditions required in recruits are varied according as they are 
urgently wanted or not, or according as the supply of them is 
scarce or plentiful, so also it may be expected that the regulations 
regarding ametropia will be varied. In case there are more re- 
cruits to be had than are wanted, better qualities of V. may be 
insisted upon ; in case the need is greater than the supply, inferior 
qualities of V. will have to be accepted. But obviously, when the 
standard for V. has to be reduced, the reduction should be confined 
as far as practicable to those parts of the army in which it will 
least interfere with the performance of the duties appertaining to 
them. 

35. Charaoter of Y. possessed by a Myope of 1*75 D. — A man in 
early life affected with M. of about 1-75 D, sees all objects 
beyond two or three feet with more or less indistinctness. At the 
distance of 20 feet, books on shelves, or other objects of like sizes, 
appear mixed up together owing to want of definition and to redupli- 
cation of outlines, while, though at this distance the figure of a 
man may be seen well enough, his features are not separately 
distinguishable. An acquaintance even is not recognised at this 
distance if the recognition depend upon peculiarity of feature, un- 
less the light is very strong and happens to fall directly upon the 
face, though striking contrasts in uniform, such as stripes on the 
sleeve, medals, difierences in colour, or peculiarities of carriage and 
of movements of the body, are sufficiently obvious, even under 
moderate light. At a distance of 50 yards and upwards groui>s 
of five or six persons standing together before a moderately dark 
background cannot be readily separated from one another so as to 
admit of being counted with accuracy. Dark objects on a white 
ground, such as large black letters on a white notice-board, appear 
lighter, and the white ground appears darker, than they really are, 
while the letters are so spread out that they are altogether indis- 
tinguishable at a distance at which an eye with normal vision can 
recognise the painted words without difficulty. More distant 
objects, such as the general features of a landscape, houses and 
persons among trees, are huddled together and converted into little 
else than general shadows with intermediate outlines. The nature 
of particular objects, even objects of large size, can only be made 
out when the accidental advantage of some sharply marked con- 
trast is afforded, such as is presented by a ship floating on water, 
by a building or a tree having the skyline as a background, or 
when a well-known object such as a horse is in movement on a 
road. Even this last object ceases to be distinguishable at a dis- 
tance of seven or eight hundred yards if it be pc^sing by a dark 
background such as a belt of trees. The want of clearness of view 
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increases, and the power of recognition diminishes, in proportion 
as the intensity of light diminishes, so that on a day when the sun 
is obscured by cloud, and the light therefore comparatively dull, 
but not so dull as to interfere with due perception if V. be normal, 
the power of distinguishing objects by the myope of 1-75 D, and 
of higher degrees, is materially curtailed. The opening of the 
pupil to admit more rays of light obscures the view through greater 
diffusion of the peripheral rays. Still more difficult does it become 
for such myopes to distinguish particular objects after sundown, 
even when there is sufficient light for men with Emc. vision to be 
able readily to perceive and recognise them. 

It is true that such Mc. persons have the compensating advan- 
tage of seeing minute objects near to their eyes clearly, and that 
they retain this power at periods of life when convex spectacles 
have become a matter of necessity to persons with Erac. vision ; 
but obviously this special power is of scarcely any advantage so 
far as military service in general is concerned, while the morbid 
changes to which all Mc. eyes under certain conditions are liable, 
especially in tropical countries, and the risk of the M. becoming 
progressive, cannot be ignored. 

The visual difficulties just now described have to be encountered 
by myopes when the atmosphere is of its ordinary clearness, and 
when only the intensity of light is diminished. Such difficulties 
are greatly aggravated when the atmosphere from any cause is not 
clear, as when there is fog, mist, or when rain or snow is falling. 
Under these conditions, the view of objects becomes more or less 
obscured, according to the amount of rain or watery vapour in the 
air, to all persons, however acute their power of sight may be ; 
but in the case of the myope the obscurity is much augmented 
relatively to an emmetropic person from the effects of ray-diffusion. 
The increase of obscurity is in proportion to the increase in the 
degree of M. If two persons, one Mc, the other Emc, are look- 
ing at a misty landscape, the former sees it as if he were looking 
through a thicker veil than the latter. When the mist is only 
moderate in amount, permitting all the principal objects in a land- 
scape embracing several miles to be distinguished by the emme- 
trope although the foreground, middle distance, and distant hills 
may appear clouded and have a general grey hue, the myope finds 
a difficulty in recognising many of the objects before him. The 
whole prospect appears lighter in colour, and the principal objects 
in it have their outlines less defined. This happens although the 
degree of M. may not exceed one dioptric The surface of the hull 
of a ship at anchor, which appears dark to an emmetrope, is so 
mixed up with the water on which it floats, and the surface of the 
water with that of the ship, that both assume a nearer approach to 
uniformity of tint, and blend together more intimately. If the 
myope have a higher degree of M. — a degree equivalent to 2 D, for 
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example — the most distant objects of the landscape disappear from 
his view altogether, while nearer objects are rendered more indis- 
tinct. The outlines of such an object as the ship just now men- 
tioned are still more diffused, while perhaps the mast and rigging 
fade from sight altogether. If the M. be still higher in degree, 
such as 4 D, even large objects in the foreground are quite con- 
fused ; while such objects as the ship and the water on which it 
floats, notwithstanding the strong difference in colour which really 
exists between them, become indistinguishable, are not only not 
separately recognised, but are not visible. They are mixed up with 
the general haze. The retinal images of the mist and rain, like the 
images of other objects, are diffused and mixed together, from the 
scattering of the rays attendant on the Mc. formation of the eyes, 
and increase the general obscurity of the landscape presented to 
view. Even suitable lenses, that would correct the Mc. vision under 
most other circumstances, fail to rectify the faulty vision in such 
weather, for the fog or mist clouds the glass, or the rain wets it and 
for the time destroys its translucency. 

The injurious influence on eyesight just described of such a 
relatively moderate degree of M. as about 1'75 D suflSciently 
indicates the objection to putting Mc. officers or men, especially in 
the dusk of twilight op when the atmosphere is misty, on any 
duties, the proper fulfilment of which depends either on an 
extensive range of clear vision and observation, or on keeping a 
sharp outlook with respect to objects which are neither very con- 
spicuous from size or contrast of colour. 

When the quantity of light is much lessened, as in twilight or 
dusk, the pupil of the Mc. eye, in common with the pupils of all 
eyes, dilates in order to admit more of the rays of light proceeding 
from objects, and in this way to make up for their diminished 
illumination. The vision of the emmetrope is improved by these 
means, notwithstanding the general obscurity, for the retinal impres- 
sions are amplified owing to the increased quantity of light 
admitted through the enlarged pupil. The vision of the myope, on 
the other hand, is on the whole rendered worse by the occurrence. 
A greater amount of light is equally admitted into the Mc. eye, 
but the dilatation of the pupil at the same time unavoidably gives 
access to more peripheral rays. The retinal images in consequence 
are obscured by a greater number of circles of diffusion, these 
circles are more widely spread, and increased indistinctness of view 
is the result. 

36. Degrees of Myopia admissible when the Test-dots are held 
at 15 feet. — A myope with M. = 1*25 D still sees objects mistily, 
but the difference between the amount of their haziness in such a 
ease, and in that of a myope with M. = 1-75 D, is considerable. If 
the test-dots were ordered to be counted, e.g. at 15 feet, myopes 
with M. = 1*25 D would be just capable of admission, and of 
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course all lower degrees of M. could pass the test ; but myopes 
with M. =1*75 D and upwards would be excluded. 

A myopic eye of 1*25 D can read 0*5 Sn. at a distance of 20 
inches, but not D = 1 Sn. at the full distance of a metre ; can recog- 
nise D = 6 Sn. in good light at about 3 metres, showing V= ^; 
and has a distant point of distinct vision for 0*5 Sn. at 7^" with 
the 10" convex lens before it. 

37. Degrees of Ametropia which exclude from Service in Con- 
tinental Armies. — In continental armies the degrees of ametropia 
which render men unfit for military service are always very high 
degrees. But it must be remembered that these armies are raised 
by conscription, and the degrees of ametropia which have been fixed 
for excluding from military service are those which are understood 
to cause total unfitness for military avocations, not merely such as 
unfit men for becoming reliable and good riflemen. The important 
point is not to be forgotten, too, that in armies raised by conscrip- 
tion, if a conscript is affected with a less degree of ametropia than 
the absolute disqualifying degree, but still one that unfits him for 
bscoming a good rifleman, cavalry vidette, or artillerist, he is simply 
drafted to some other part of the army in which his amount of 
ametropia will not interfere with the right performance of the 
duties belonging to it. -In some of them, too, correcting glasses 
are permitted to be used. The system of the British army, as 
already mentioned, does not arrange for distribution of men on the 
same principles. 

The limit to which V. of the Rt. eye may be reduced without 
incapacitating men for military service varies in different continental 
armies. In the Austrian army reduction of V. of lit. eye to ^, in 
the Italian and Belgian armies to ^, and in the French and German 
armies to -J^ of normal V. unfits for service in the ranks. In the 
Swiss army no reduction of V. of Rt. eye is permitt-ed in the artil- 
lery, while the minimum for infantry is f , and for other troops ^ of 
normal V. The extreme is, therefore, the limit of -^ in the French 
and German armies. Supposing the average width of the body of 
a soldier equipped for field service to be about 1 8 inches, he would 
in this direction subtend a visual angle of 1' at 1,710 yards' distance ; 
and, circumstances of ground, atmosphere, light, &c., being favour- 
able, he should be discernible by a soldier having normal V. at that 
distance. If V. be i-educed to ^th, he would, under like circum- 
stances, not be seen beyond a distance of about 427 yards, and it 
is presumed that this distance has been regarded, in the armies 
before named, as sufiicient for the ordinary needs of military 
service. 

38. Shortsighted Men at Musketry Instruction. — One of the 
regulations regarding musketry instruction provides that, * when a 
medical oflScer certifies that a man cannot see beyond a certain 
distance, he must fire in both range and field practices according to 
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his power of vision. Spectacles may be worn * (Par. 20, p. 14, Musk. 
Regs. 1887). Shortsighted men being thus permitted to wear 
spectacles, if no ocular defect excepting shortsightedness exists 
and the spectacles are accurately adjusted, they will be nearly in 
the same condition as other persons who are not shortsighted. 
Other conditions being normal, the power of sight of a myope, 
when corrected, will be the same up to the farthest distance as 
that of an emmetropic man of corresponding age. 

39. Use of Spectacles by Soldiers in the Bulks not sanctioned. 
— ^Theuse of spectacles by soldiers in the ranks, whether serving at 
home or on foreign stations, for the correction of ametropic defects 
of vision, is not sanctioned by any published regulation in the 
British army. Difficulties would be experienced if, without 
special arrangements, glasses were allowed to be worn in the 
English army as they are by parts of the troops of some conti- 
nental armies which are raised by conscription. There would be 
the want of means of replacing them when injured or broken in 
many of the distant stations in which English troops are habitually 
employed, excepting after great delay ; while, if the glasses were 
damaged or broken when the men were on active service out 
of Europe, there would frequently be almost insuperable difficulties 
in replacing them, and this would just be the occasion when they 
would be most urgently and speedily required. The want of edu- 
cation in respect to the use of such appliances, and the habits of a 
large number of the men composing the ranks of the English 
army have, no doubt, also been taken into account in withholding 
official permission for the use of spectacles by soldiers. Moreover, 
though the spectacles may be perfect in correction, when dust, rain, 
condensed moisture, or other matters interfere with their trans- 
parency, and, therefore, with their utility, accoutred infantry 
soldiers carrying rifles, or mounted troopers, are too fettered to be 
in a position to remove these impediments as they occur, and, 
during the time they are thus obscured, the spectacles cease to be 
of any advantage. These have probably been the principal reasons 
which have prevented the use of spectacles from being sanctioned 
among men in the ranks of the British army. 

If the use of spectacles by men in the ranks should hereafter 
be sanctioned, arrangements will at the same time have to be made 
for enabling the men who wear them to replace them whenever they 
may happen to be lost or broken. Machine-made spectacles for 
correcting ordinary degrees of M. and H. are now manufactured so 
cheaply, and in many instances answer their intended purposes so 
fully, that, with proper examination and selection, the cost alone 
would hardly be an impediment to their introduction among 
soldiers. The great difficulty to be overcome in their introduction 
would be the arrangements necessary for ensuring suitable glasses 
being alwaj s available on occasions of need in some of the remote 
places where English soldiers are liable to serve. 
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There do not appear to be any military disadvantages or diffi- 
culties met with from the use of spectacles among troops on active 
service in Europe, so long as sufficient supplies are carried with 
the army to replace them in case of loss or accidental injury. No 
mention of any ill results from spectacles being worn by German 
soldiers is made in the official histories of the war of 1870-71 ; 
and I have been informed by medical officers holding high positions 
in the German army, that they are not aware of any trouble or in- 
convenience having been caused to the service, or to the officers or 
men themselves, by their use during the war. The employment 
of spectacles by soldiers in the ranks of the French army, and 
their gratuitous issue under certain restrictions, have been sanc- 
tioned since the war of 1870-71. (See Appendix.) 

40. Kange and Power of Vision necessary for Commissioned 
Officers in the Army. — The necessity for distinct vision appears to 
be even more imperative in officers than in private soldiers. They 
must look down whole lines of men, and see them with distinctness. 
They are required to observe distant objects and not un^requently 
to give important directions according to the judgments they form 
of them. It is also of personal importance to combatant officers 
themselves, on taking the field, that they should possess a normal 
range and power of vision, or at least a range not far short of 
normal range. An officer of the regiment in which I was serving 
during the Crimean war declared to the commanding officer that 
he was unable to take picket duty, because he could nob distinguish 
an enemy from a friend at a short distance from him, particularly 
in twilight. Eventually the matter was referred to a committee of 
medical officers, who reported the officer unfit for service in the 
field in consequence of his high degree of short-sightedness, and 
he was sent back to England. During the same campaign it 
certainly once happened, if not more often, that an officer was 
taken prisoner by walking into the midst of a party of the enemy 
whom he failed to distinguish from his own troops owing to the 
same cause. I on one occasion made a voyage with an officer who 
was taken prisoner under the circumstances mentioned, and sent 
to Russia, and the high degree of his M. was sufficiently obvious. 
An unfortunate English regimental surgeon in the Crimea who 
was affected with M. failed to recognise in twilight a French 
sentry from a distance in front of the lines at which the sentry saw 
him but too plainly, and he lost his life in consequence. 

Even if eye-glasses are used in the field, besides the objections 
attending their brittleness of substance, their frequent displacement, 
the many things which from time to time are apt to interfere with 
their transparency, and the difficulty of finding substitutes for 
them when they are missing or lost on active service, have all to 
be taken into account. 

A short-sighted officer commanding a regiment at J^ouakim in 
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1 885 was temporarily disabled for duty by accidentally breaking 
the only eye-glass he had with him. He depended upon it for a 
clear view ot* objects. There were no means of replacing it by 
purchase nearer than Cairo ; but fortunately a medical oflScer, also 
Mc, though less so, was found who was able to spare one of his 
duplicates, and thus materially to lessen the inconvenience to 
whioh the commanding ofiScer had become subjected. 

The authority under which a few British officers have worn 
spectacles in the field appears to have been one of special permis- 
sion. I am not aware that any regulation sanctioning their use by 
oncers on active service has ever been published. An officer of high 
position, whose son had failed to pass the regulated tests of sight, 
remarked to me that the same regulations would have prevented the 
admission into the army of Genl. Sir Charles Napier. It certainly 
would have done so, for I have had the opportunity of examining 
the spectacles successively worn by that most distinguished 
general officer, and I found that his M., which in his early days 
was as high as 7 D, being progressive, became gradually in- 
creased to 14 D. But the difficulties Sir Charles Napier had to 
contend against in consequence of his extreme short-sightedness 
can hardly be estimated, while with the eminent abilities and 
strong will which distinguished him he would certainly have been 
at least equally great as a ruler and commander had he been free 
from visual defect. He himself has recorded that, at the battle of 
Corunna, being without spectacles and finding himself alone at 
one part of the action, he ' felt great fear, for his short-sightedness 
disabled him from seeing what was going on, and what was to 
be met ; ' and subsequently, referring to this occurrence, he re- 
marked, ' when wearing spectacles, the nervous feeling is not so 
strong, but the disadvantage of bad sight is tremendous when 
alone, and gives a feeling of helplessness.' ^ 

41. Loss of Sight of one Eye. — Loss of sight of one eye from 
any cause, however good the right of the other eye, totally dis- 
qualifies for an army commission. It is obvious that if a candi- 
date were passed fit for a commission, notwithstanding loss of sight 
in one eye, he would not only be less efficient from loss of 
binocular V., but any injury interfering with or destroying sight in 
the remaining eye after he had entered the service would entirely 
disable him from further duty. Other considerations arise when 
the sight of one eye of an officer already serving in the army is 
lost, while the other remains effective ; and consequently officers | 

are occasionally to be met with, as well as men in the ranks, who , 

only have the sight of one eye lefl. But their efficiency in various I 

■ Life of General Sir C. Napier^ 1857, i. 101, 111. In a voluntary service, anch J 

as the British service is, it must be remembered that every short-sighted cade»t 
admitted takes the place of a cadet with normal si^ht ; while in regard to know- I 

ledge and abilities, so far as the evidence of the examinations for admission allow j 

comparison, both cadets may be on an equal footing. 
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respects is nevertheless considerably lessened. (Sse Binocular and 
Monocular Vision, p. 3.) 

42. Dsolaration as to Sight by Candidates for Army Com- 
missions. — It has hitherto been the custom for candidates for com- 
mLssions in the army to sign a declaration concerning their general 
state of health prior to undergoing physical examination, especially 
that * vision is good with either eye (with or without the aid of 
glasses, as the case may be).' Remembering, however, that persons 
have very different views as to what constitutes ' good vision,' many 
knowing no other standard of quality than that of their own sight, 
it is obvious that an independent examination to ascertain the real 
quality of V. in each instance, or, at any rate, to determine that it 
is not below some definite authorised standard, is far more reliable 
and useful than any such general statement can be. The declara- 
tion had the advantage of being likely to prevent a candidate sub- 
mitting himself to examination who had any serious defect of 
vision in either eye. 

43. Visnal Examination of Candidates for Commissions in the 
Line. — The rule lately in force for the visual examination of candi- 
dates for commissions in the line was as follows : Simple M. or 
H. was not held to be a disqualifying condition. So long as these 
defects could be corrected by suitable glasses they were not to ex- 
clude from admission. The practice was, if the candidates could count 
the test-dots at the ordinary distances, with or without the aid of 
glasses, they were accepted for service so far as vision was con- 
cerned. The test-dots were used in the same manner as with men 
seeking enlistment in the ranks.* No rule was laid down regarding 
the manner in which candidates for commissions were to employ 
glasses in the correction of visual defects. The responsibility 
regarding this point rested with the examining medical officer. 
In some instances candidates were allowed to use the glasses with 

* Deception PractUed at Visual Examina^ionn. — Attempts to impose upon ex- 
aminiDg surgeons may occasionally meet with success. Some years ago I was 
asked by the friends of a youth who was anxious to obtain a military career, but 
whose sight was defective in one eye, whether any likelihood existed of his being 
able to pass the physical examination for a commission. I found on examination 
that although V. was normal in the right eye, only quantitative V. existed in the 
left eye. I therefore naid there was not the least, chance of his passing the exami- 
nation, as each eye would be subjected to tests separately. The next time I met 
him he was going through the course of study at Sandhurst. I inquired how 1 e 
had contrived to get through the examination as to power of sight, and heat once 
showed me his plan of proceeding. When he was asked to count the test dots 
with his right eye he did so easily, at the same time covering his left eye with his 
left hand. He was then told to count them wi'h the other eye. Tn answer to this 
direction he covered the left eye, the same he had covered before, but this time 
with his right hand, and of course, a.s bef'»re, counted the dots without dirticnlty. 
He had changed hands but not eyes, and this he did so quickly and smanly, that 
the examiner, who may at the moment have been ob.«»erving the test-dots to ascer- 
tain if I he right number were stated, did not notice the feat of legerdemain which 
was biing practised on him, and passed him as optically fit for service. I am in- 
formed tliat some candidates recently have purehased Snellen's pets of metrical 
test-types and learned the scries of letters and printed paragraphs off by heart. 

p 2 
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which they had provided themselves prior to the examination ; in 
others they were required to select the glasses which suited them 
from a number of pairs of spectacles placed on a table in the ex- 
amination room. 

In March, 1887, the instructions for the examination were 
changed. Snellen's metrical test-types were ordered to be substi- 
tutt^d for the test-dots. The candidate was * to be able to read 
ordinary type, distinguish the principal colours, and to perform 
routine duties without glasses,' but for other purposes the use of 
glasses was penuitted. If, with the aid of glasses, 'the range 
and quality of V. were rendered normal, and if there were no evi- 
dence of organic disease or of progressive deterioration of V., and 
the candidate were in other respects eligible, he might be accepted.' 
It will be noticed that these regulations left the decision as to the 
size of the type called 'ordinary type ' to the judgment of the 
examiner, and also the particular nature of the duties called ' routine 
duties ' which the candidate had to perform without glasses. Prac- 
titioners in civil life, when consulted by parents who were anxious 
to ascertain the visual fitness of their sons for military service 
before putting them to special courses of education to enable them 
to compete for commissions, experienced difficulty in expressing a 
decided opinion on the subject, and their representations led even- 
tually to the further alterations which are described in the next 
paragraph. 

44. Power of Sig^ht now required in Candidat)98 for CommissionB 
in the Army. — The latest rules for the visual examination of candi- 
dates for army commissions, as directed in an army circular dated 
September 1887, are simple and precise. They may be sum- 
marised as follows : 

1. If the candidate can read the small Sn. type D = 0*6 at any 
distance, and at the same time can read Sn. D = 6 at its normal 
distance, without glasses, he is to be passed as visually fit. 

2. If the candidate cannot read with each eye, without glasses, 
Sn. large type, such as D = 36, at one-sixth of its normal distance, 
he is unfit. 

3. If the candidate can just read with each eye, without glasses, 
Sn. large type at one-sixth of its normal distance, but not beyond 
it owing to faulty refraction, he may be passed fit, provided the 
distant V. of one eye can be fully corrected by the aid of glasses, 
and the distant V. of the other eye can be corrected up to not less 
than one-half of normal V., and provided also that the candidate 
can accommodate for the type D = 0*8 at any near distance. 

4. Strabismus, achromotopsia, and any morbid conditions 
subject to the risk of aggravation or recurrence in either eye, will 
cause the rejection of a candidate. 

The regulations are given in exfenso in the Appendix (See 
p. 225). 
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45. Indian Ooyemment Service. — Candidates for admission into 
the several departments of H.M.'s Indian Government Service are 
ordered to be tested as to V. by letters corresponding to those in 
the last edition (1885) of Snellen's test-types. These test-types, 
as in all the later editions, are numbered on the metrical system. 
The person to be examined is' to be placed with his back to the 
light at a distance of 6 metres from the types, which are to be 
hung or held perfectly upright with a bright light falling on them. 
The ophthalmoscope and retinoscopy are to be employed when 
necessary. It is further directed that the existence and degree of 
ametropia are to be carefully recorded in all cases of examination. 

The visual regulations affecting special parts of the Indian 
Government Service are given under their respective headings. 
(See also Appendix, p. 226.) 

46. Visnal Qualification for the Indian Government Civil 
Service. — A candidate for this branch of the public service is not 
disqualified by ametropia of one or both eyes, provided V. can be 
brought up to 1^ in one eye, and to f in the other eye by correcting 
lenses, and that there are no morbid changes in the fundus of 
either eye. A posterior staphyloma, however, if stationary, will 
not disqualify a candidate, provided the accompanying M. do not 
exceed 2*5 D in either eye, and no active morbid changes of the 
choroid or retina be present. 

Nebula of the cornea of either eye disqualifies if V. be reduced 
to less than -^ ; and in any case where nebula exists, V. in the 
better eye should equal ■§• with or without glasses. 

Paralysis of one or more of the exterior muscles of the eyeball 
disqualifies a candidate, but a candidate who is said to have been 
cured from squint by operation may be accepted, although bin- 
ocular vision has not been restored, provided V. can be brought up 
to 1^ in one eye, and to f in the other eye, by correcting glasses, 
and the movements of each eye be good. 

The foregoing rules also apply to the Chaplains' and Educa- 
tional Departments of the Indian Service. 

47. Visual Qnalificationfor the Public Works Department under 
the Indian Government.— Candidates for admission into this branch 
of the Indian Service are subject t-o the following rules : 

A candidate may be accepted if, being Mc. in one or both eyes, 
the M. do not exceed 2*5 D, and if, with correcting glasses, not 
exceeding 2*5 D, V. in one eye is = ^, and in the other is not less 
than f , while the range of Ace. is normal. The same rule applies 
to Mc. astigmatism. There must be no evidence of progressive 
disease in the choroid or retina. 

A candidate having H. not exceeding 4 D is not disqualified, 
provided, when under the influence of atropine, V. in one eye is = § 
and not less than $ in the other, with + 4 D or correcting k>ns<\s 
of any lower power. The rule is similar as regards He. astigmatism. 
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Corneal nebula disqualifies if V. in one eye is less than ^. If 
V. in one eye is not below -^ when corneal nebula exists, V. in the 
other eye must be normal, and the eye be Emc. for the candidate to 
be accepted. Defects of V. from pathological changes in the 
deeper structures of either eye may exclude a candidate from 
entry into the service. * 

Inability to distinguish the principal colours (Achromatopsia) 
is a disqualifying defect ; as is also paralysis of one or more of the 
external muscles of the eyeball. 

Admission into certain other departments of the Indian 
Government Service, as the Telegraph, Forest, Survey, Railway, 
Factories, and Police departments, is regulated by the same visual 
limitations as those above given. 

48. Visnal Qualification for the Army Medical Staff. — In the 

* Schedule of Qualifications necessary for Candidates desirous of 
obtaining Commissions in the Army Medical Staff,' it is ordered 
that a Board of Medical OflSicers must certify the candidate's 

* vision is sufficiently good to enable him to perform any surgical . 
operation without the aid of glass3S. A moderate degree of M. 
will not be considered a disqualification, provided it does not neces- 
sitate the use of glasses during the performance of operations, and 
that no organic disease of the eyes exists.' 

The objection to dependence on the use of glasses for securing 
clear vision in the performance of surgical operations is a well- 
founded one. Irrespective of the inconvenience which may occa- 
sionally arise from glasses falling off" in the movements of the ope- 
rator at critical moments, they are constantly exposed to loss of 
transparency from condensed vapour upon them, or from becoming 
spotted by jets of blood. 

So far as concerns the refractive defect of M. mentioned in the 
schedule, it will not be diflScult for a moderately Mc. candidate to 
comply with the condition named, for the M. must be of very high 
degree to necessitate the use of glasses in performing most surgical 
operations. With M. of 2*0 D, a candidate of twenty-five years of 
age, possessing normal power of accommodation, would have a range 
of clear vision for small objects from a distance of 20 inches to a 
point a little within 4 inches, without the aid of glasses, and, 
indeed, within the range named would see more comfortably with- 
out glasses than with them, though his vision for more distant 
objects would be very imperfect unless helped by suitable glasses. 
Even with M. of 2*50 D he would have a range of clear vision 
from a distance of 16 inches to a little over 3^ inches. But with 
H. of 2-50 D, when, at the age named, only about six dioptrics of 
accommodation would be available for work at near objects, even 
with the highest accomraodatory effort a near point of distinct 
vision could only be obtained at a little under 7 inches. Short of 
that distance vision by the unaided eye must be more or less 
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obscured ; and since it is not possible to continre to exercise Ace. 
at its highest state of tension, and only about half of the 8'50 D of 
the Ace. belonging to the age named could be continuously 
employed, the nearest point of distinctness for prolonged vision 
would be removed to 20 inches' distance. Under such circum- 
stances attempts to distinguish minute structures of importance, 
probably confused by blood, to separate a small artery from an 
adjoining nerve, for example, without the aid of suitable glasses, 
would be very embarrassing, and might lead to serious errors. It 
is therefore the He. eye which would meet with the most diflSculty 
in operating without glasses, and this diflSculty would increase with 
increase of age. If the H. were complicated b^ Ast., the diflSculties 
of the operator would be considerably increased. 

49. Visnal Qualification for the Indian Medical Service. — Can- 
didates for admission into this branch of H.M.'s Service may be 
accepted if, being Mc, the M. do not exceed 5 D, and if, with cor- 
recting lenses, V. is brought up to ^ in one eye, and to a standard 
not below -^ in the other eye. If the M. be attended with pos- 
terior staphyloma, the M. must not exceed 2*5 D in either eye ; and 
V. must be capable of being brought by correcting glasses up to 
§ in one eye and not below -^ in the other. There must be no 
active morbid changes in the choroid or retina. 

If the M. be accompanied with Ast., a candidate will not be 
disqualified if the combined spherical and cylindrical glasses for 
their correction do not exceed — 5 D, and if, when thus corrected, 
V. in the two eyes is brought to the standards named above and 
Ace. is found to be normal. No progressive morbid changes of 
the choroid or retina must be present. 

If the candidate be He, he maybe accepted provided his H. do 
not exceed 5 D, and, when the eyes are under the influence of 
atropine, V. in one eye is brought to ^ and in the other to at least 
^% with the aid of + 5 D or lenses of any lower power. 

If the H. be complicated with Ast., the candidate may be ac- 
cepted provided the combined correcting lenses do not exceed 5 D, 
and V. can be brought to the standard of ^ in one eye and not less 
than -^ in the other eye. 

A candidate must be able to distinguish the principal colours, 
red, green, violet, blue, yellow, and their various shades. 

A faint corneal nebula reducing V. in the nebulous eye to -^^ 
will not exclude a candidate, if the eye be otherwise healthy, and 
if the other eye be Emc. and its V. is normal. 

A candidat^e will be disqualified if he suflFers from paralysis of 
one or more of the external muscles of the eyeball. 

50. Visual Acnteness required in Candidates for Commissions in 
the Royal Artillery and Eoyal Engineers. — The V. of candidates 
for admission into the Royal Military Academy at Woolwich until 
recently was tested under a special regulation. They now fall 
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under the same general i*ules as are applied to candidates for com- 
missions in other parts of the army. These rules have been stated 
in Par. 44. 

51 . Visnal Acnteness required in Candidates for Commissions in 
the Boyal Navy. — Candidates for commissions in the Royal Navy 
are not considered eligible who are subjects of any degrees of M. 
or H. They are required to have visual power sufficient to enable 
them to see Snellen's test-types at their full distances. The condi- 
tions of service afloat prevent naval officers and seamen from wear- 
ing spectacles, so that the correction of refractive defects among 
them by these means, whenever and to whatever degree they may 
exist, is impracticable. Exceptions are, however, made in some 
special classes of officers, but the discretionary margin allowed is 
very limited. It would manifestly be unnecessary to apply the 
same visual tests as rigidly to naval chaplains and clerks as to 
navigating officers. 

52. Visual Qualifications for the Marine Service of the Indian 
Oovemment. — A candidate, in order to qualify for this service, must 
not havp any refractive defect of either eye which is not neutralised 
by a + or — I'O D lens, or by a lens of some lower power; must 
be capable of distinguishing the prismatic colours ; and must be 
free from squint or any defective action of the exterior muscles of 
the eyeball. For the Pilot service candidates must have both eyes 
Emc, with normal V. and Ace., and must possess perfect colour 
sense. 

53. Quality of Sight for Special Course of Instruction in the 
School of Musketry. — Officers and non-commissioned officers who 
desire to attend the special rifle instruction given at the School of 
Musketry are not now prevented from attending in consequence 
of any special degree of defective eyesight. Major Salmon d, 
Deputy-Assistant Adjutant-General at the Hythe School of 
Musketry, has kindly informed me that the following is the regula- 
tion now in force on the subject : ' Officers and non-commissioned 
officers who are detailed to attend a course of training at the 
School of Musketry must (except in the case of Adjutants of 
Auxiliary Forces) be examined by a medical officer as to the state 
of their eyesight, which should be tested in the usual way with 
test-dots, and reported on accordingly in the column for the purpose 

104 
in the printed War Office form of Return No. =: — r— , or, when 
^ Parties' ' 

that form is not furnished, in a manuscript report. In testing 

vision under this paragraph the officer or sergeant may be allowed 

to use an eye-glass or spectacles.' It is required that the condition 

of eyesight should be known, so that, should a physical defect of the 

kind cause the subject of it to fail in attaining a certain standard 

in ' range practice/ the case may be considered and dealt with by 

the proper authorities. 
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54. Disease of some of the posterior parts of the Eye. —When the 
ocular examination of a recruit or soldier leads to a suspicion that 
he labours under impaired vision owing to deeply-seated disease of 
the eye, there is only one way of determining the correctness or 
incorrectness of the suspicion, and that is by ophthalmoscopic 
examination. A description of the method of employing tiie 
ophthalmoscope, as well as of the other steps to be taken, for estab- 
lishing a correct diagnosis of the different morbid states of the 
posterior parts of the eye, is to be found in all systematic works on 
Diseases of the Eye. 

55. Impaired Vision, or Blindness, of one Eye in a Trained 
Soldier. — It has been mentioned with regard to a recruit that any 
important visual defect in either eye renders the man unfit to 
engage for service as a soldier. The rule is different with regard 
to men who are already serving in the ranks. Impaired visual 
power, or total loss of vision of one eye, if the other eye be efiicient, 
is not held to be a cause of unfitness for further military service. 
This rule is laid down in War OflSce Circular, No. 874, of the 17th 
August, 1864, in the following terms : ' No soldier shall be dis- 
charged for the loss of one eye only, whether it be the right or 
the lefl ; but if a soldier shall have lost one eye by a wound in 
action, or by the effects of service, and shall receive other wounds 
or injuries in action, or be otherwise so disabled as to render his 
discharge necessary, the loss of an eye shall be taken into considera- 
tion in fixing the pension at such a rate as his combined wounds or 
disabilities may entitle him to receive.' 

56. Aiming with the Left Eye. — If a soldier, after enlistment, 
is found to have a defect of vision of the right eye, which has not 
been previously detected, and it is found to incapacitate him for 
using his rifle from his right shoulder, or if the right eye of a 
soldier becomes disabled by disease or injury, he is permitted, 
under certain rules, to fire from the left shoulder — thus using his 
left eye for sighting the objects aimed at. 

This permission is never granted excepting under certificate 
from a medical ofiicer that the soldier is labouring under defective 
vision of the right eye. Now that skirmishing and independent 
firing are so much more employed than firing in close order, it is of 
less consequence that a man's mode of firing differs in the respect 
named from that of the other men of his company. Moreover, the 
permission to aim with the left eye is only turned to practical 
account at target practice, or when firing with ball cartridge. 

57. Assumed Blindness of one Eye. — Blindness of the right eye 
- -hemi-anopsia — is not unfrequently simulated in foreign armies to 
escape conscription, but English soldiers very rarely make pretence 
of blindness of one eye, because it is well known among them that 
uniocular loss of V. does not incapacitate for further military 
service. Should, however, blindness of one eye be alleged to exist, 
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and no objective signs to warrant the assertion be obvious, so that 
a suspicion of simulation be excited, there are various tests which 
may be resorted to for determining whether the suspicion is well 
grounded or not. 

In the first place, the observation of the surgeon may be 
directed to the indications afforded by the action of the iris belong- 
ing to the supposed blind eye. In complete blindness of one eye, 
the pupil is partially dilated owing to the absence of all reflex 
stimulus from the insensible retina. If, then, the sound eye is ex- 
cluded from light, and the iris of the alleged blind eye is found not 
to contract when it has been shaded by the hand of the surgeon and 
then suddenly subjected to the admission of strong light, but is 
found to contract when the retina of the other eye is exposed to sud- 
den access of light under similar conditions, it is evident that the 
alleged existence of blindness is real ; the iris is not stimulated to 
contract by the action of light on the retina with Tjrhich it is directly 
connected, but contracts under the influence of light on the other 
retina with which it is indirectly associated ; on the other hand, 
if the iris of the alleged blind eye does contract when its retina 
is exposed to sudden light, while the other eye is kept closed, 
there may be a considerable amount of amblyopia, but there can- 
not be complete amaurosis. 

If the iris of the alleged blind eye do not answer to the 
stimulus of light, either when its own retina or that of the other 
eye is excited, the alleged blindness may or may not exist ; the 
observation only proves that there is paralysis of the iris, and this 
may be the result either of natural causes or may be artificially 
induced by the application of atropine, henbane, daturine, or other 
mydriatics. For determining the real cause of the paralysis, other 
investigations must be undertaken, but these need not be described 
here. 

The effect of covering the alleged blind eye, and then of sud- 
denly exposing it to light, on the other, or acknowledged seeing 
eye, may also be observed. When the two eyes are in a normal con- 
dition, the effect of shading one of them from light is to produce a 
slight increase in the size of the pupil of the other eye ; on remov- 
ing the shade and exposing the eye suddenly to light, a slight 
decrease in the size of the pupil of the eye that has not been shaded 
may be noticed. If the retina of one eye be insensible to light, 
neither shading nor uncovering this blind eye will produce any 
change in the dimensions of the pupil of the other eye. The seeing 
eye during the experiment should be directed to look at some 
distant object so that neither Ace. nor convergence may be exerted. 

But the most eff*ective means for unmasking an attempt at 
deception of this sort among comparatively uneducated persons is 
Graefe's prism test. If a prism of 12** or more be held with its base 
upwards or downwards before the eye in which visual power is 
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acknowledged to be retained, and the person who is subjected to the 
test, on being asked what effect it has on his sight, states that the 
glass in front of his eye causes him to see double, the simulation is 
proved, for diplopia could only result by both eyes seeing. If the 
person under examination is educated, and a page of print is placed 
before him, while the prism is placed in front of his seeing eye with 
its base upwards, and he is then unable to read without great 
difficulty, it is another proof that he is seeing with both eyes, and 
that his reading power is interfered with from the images of the 
print overlapping ; if he really had only monocular vision, he 
would see the print as well with the prism as he did without it, 
though it would be a little altered in its apparent position. Again, 
if the base of the prism be turned horizontally inwards, and the 
eyes then squint, it is proved that an effort is being made to pre- 
vent double vision, and that, therefore, the assertion of blindness 
of one eye is untrue. By getting the person to read some of 
Snellen's test-types, and to describe first one of the two images and 
then the other, and by varying the sizes of the objects presented, the 
surgeon may arrive at a conclusion as to whether any amblyopia 
exists or not in the alleged blind eye, and, if it do exist, may even 
a certain its degree. 

Example. — ^The following case, taken from the records at Netley, will serve 
to illustrate the application of this test. Private T. F., 84th Regiment, was in- 
valided in 1806 irom Malta, and admitted at Netley, under Amaurosis. His 
condition at Netley he stated to be : ri^^ht eye quite blind, no perception of 
light ; left eye, readd No. 4 Snellen at S'', counts fingers at 3^ No ocular ab- 
normality was visible by ordinary or under ophthalmoscopic examination. The 
left eye was kept bandtiged for a couple of days, on the plea of resting the eve, 
but really to observe whether he could guide his movements by the right 
(alleged totally blind) eye. While thus bandaged he was reported to have been 
seen reading, or apparently reading, a book. I then tried the pri^m test, and 
the man dencribed two images of a bingle object, a lead pencil, held at a distance 
of about 4' from him, together with the movement of one round the other as the 
prism was made to revolve before his left (acknowledged seeing) eye. The im- 
pOBture being thus proved, the man was discharged to duty at his dep6t. 

The stereoscope has been used for detecting simulated blindness 
of one eye, and is still more puzzling to one who is not acquainted 
with its effects. The particulars of a case were related to me in 
which imposture by a foreign officer who simulated blindness of . 
one eye as a result of field service in the war of 1870-71 was fully 
detected by its means, and in this instance the use of a simple 
prism, owing to the intelligence of the person examined by it, and 
his knowledge of the effects of prisms, had failed to prove the decep- 
tion. It is hardly possible for a person who sees with both eyes 
to answer the stereoscopic tests in the same manner as if one eye 
were blind, provided the experiment is fairly performed. But the 
surgeon must be on his guard that the person under examination 
does not close the eye wliicli is alleged to be blind while the objects 
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placed in the stereoscope are exposed to his view. The eyes mnst 
be watx;h'5d during the examination. The stereoscopic objects 
should be specially prepared. Series of lines, different in colour — 
red and blue, for example — so arranged that in the combined image 
they cross each other in direction, may be used for the purpose. 
When both eyes are sensible to light, the lines are seen constantly 
changing, more or less completely, from one colour to the other ; 
and it is not possible to say by which eye either coloured lines are 
seen. A person blind of one eye will see the lines of one colour 
only. Two printed paragraphs, equal in size and similar in cha- 
racter, but differing in parts of the text, may be placed on the 
stereoscopic slide. A person regarding the slide with both eyes 
through the stereoscope will not be able to read the portions where 
the texts differ, for the print of one side will be mixed up with the 
print of the other and there will be a constant interchange of text, 
and struggle between the fields of vision of the two eyes, so as to 
make reading impracticable. A person who does not see with one of 
his eyes will read easily the print presented to the seeing eye. Figures 
in endless varieties of shapes and colours may be employed in a 
similar manner; so that no simulator who is capable of seeing 
with both his eyes the objects presented to him in quick succession 
on the stereoscopic slides, when describing what he sees, can help 
including those parts which could only be visible to him through 
the agency of his pretended blind eye, unless he succeeds in tem- 
porarily closing it for the purpose of excluding its view. 

Staff-Surgeon Dr. Burchardt, of Berlin, invented a portable 
stereoscope, of very ingenious construction, for the practical 
diagnosis of simulation of blindness or amblyopia of one eye.^ The 
test-objects supplied with the apparatus are very effective. The 
stereoscope is of the lenticular form, and the lens sections are so 
arranged that at the same time that the person under observation 
is looking through them at the test>-objects, the examiner can look 
through them and obtain a magnified view of the eyes of the person 
he is examining. He can thus ascertain that neither of the eyes 
of the supposed simulator is closed even for a second during the 
application of the tests. 

In exceptional instances, a person who is ametropic, and who 
has at the same time a considerable amount of anisometropia, ^vill 
occasionally elude the stereoscopic test, by regarding only the side 
which, in respect to distance, is most in focus with one of his eyes, 
and suppressing the less distinct image in the other eye. In such 
a case the effects of complementary colours may be turned to useful 
account. The same test may be advantageously employed when a 

* PraktUehe Diagnottik der Simvlationen von GefuhUldhmun^ ron Schnrer- 
horigheit und ron Schrvach^ichtigkeit, herRusgegfeben von Dr. Mas BurchanU, 
Obers absarzt 2. 01. u. Pri vat- Decent. Berlin, 1875. Verlag der Gatmauu'sohen 
Buchbandlung. Otto Keslin. 
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prism or stereoscope is not at hand. A few words written on a 
black board with green or red chalk, or the red and green letters on 
a black background, or the coloured types on the grey background, 
in the 1885 edition of Snellen's test-types, may be used for this 
purpose. If the type to which the attention of the person under 
examination is called be green in colour and on a black background, 
a spectacle frame is applied with a red glass on the side of the 
acknowledged sound eye, and ordinary colourless glass before the 
supposed blind eye, and the person is asked to read the green 
type. If the red type is shown, a green glass is substituted for 
the red one in the frame. If he is able to read the type with 
such a pair of glasses before his eyes it is obvious that he is read- 
ing it with the alleged blind eye. As the coloured glass causes the 
type of the complementary colour to fade from view and to become 
mingled with the general black background, the acknowledged 
sound eye, imder the conditions described, could not read them. If 
the type be on a grey background, its special colour will disappear, 
and it will seem to be. dark by contrast with the surrounding grey. 
In this trial, the colour of the type is asked, and if in the reply its 
special colour is stated, it is again evident that it is with the 
alleged blind eye that it is seen. The coloured letters should be 
free from superficial lustre. 

58. Suspected Simulation of M. of high degree. — The mode 
of determining the degree of M. in a given case objectively, and 
independently of the subject's control, has been explained in the 
chapter on Retinoscopy. The following example shows that, in 
a suspected instance of feigning, the doubt may be solved subjec- 
tively without the aid of the ophthalmoscope, but with the help of 
Snellen's test-types and a -f- 4 D lens alone. 

Eaample — Corporal A., aet. 21 years, was invalided to Netley f« r very defec- 
tive vision of the right e\e, due to a high degree of M. lie saw fairly well with 
the left eye. CircuniJ-tancea excited a suspicion that he was feigning, or at least 
exaggerating, the disability of the right eye, and he was subjected to the fol- 
lowing tests. When Sn. types D = 6 were placed before him, the left eye 
being excluded from vision, he could only read them at 4 metres, about 13 
Jeet, and then with difficulty. Sn. D = ]2 being placed before him, he only 
read them at 8 metres, or about 2(3 feet. In each case, therefore, the trial 
showed V = §. With the stenoj-oeic hole he saw both D = 6 and D = 12 much 
clearer, and further off. 

Sn. D = 0-6 was now placed before him. He read it, but stated be could not 
read it farther off than 8 inches. Supposing this to be the distant point of dis- 
tinct V. for this type, his M. would seem to be = 6 D. He was now tried for 
his near point of distinct V. with the 0*5 type, and he fixed it at 2-6 inches. 
This agreed with his other statements, for Ace. = 10 P (the Ace. for his age) 
+ M = 6 D would be = 15 D, or 2*6 inches. 

He was now asked to read the same type, Sn. D = 0-6, through a + 4 D 
spectacle, and he read it at 44 inches, but not beyond. This was again consistent 
with his other statements, for ^4^, or /^ — To = i nearly, or D - 4 D = 5 I), 
confirming his alleged distant point of distinct V., viz. 8 inches without the 
glasd. 
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The fact of the whole series of trials lendinsr to conpistent resu'ta left no donht 
that the R. eye was Mc = 5 D, and the existence of the luao s alleged di:»bility 
was thus verified. 

59. Aiisunied extreme Defective V. of both Eyes. — Supposing a 
soldier maintains that he cannot see objects clearly at any range, 
or only within a very limited range — that no description of lens 
improves his vision — while no cause for the alleged disability can 
be discovered, ophthalmoscopically or otherwise, but, on the contrary, 
both eyes appear to be normal in condition, can it be proved that 
he really does see clearly enough for duty ? To a certain extent 
the surgeon must be guided in such a case by circumstantial 
evidence and observation. A cross-examination, instituted with 
ordinary judgment, will usually expose the attempt at fraud. But 
even here the lenses can generally be turned to important use ; 
with the convex spectacles before his eyes, a trickster will most 
C':?rtainly become confused, and will either see types or dots at 
distances which show that his vision is normal for distant objects, 
or he will overstate his case by giving only negative replies, saying 
that he cannot see at all at any distance. When this last-named 
position is maintained by a simulator, the surgeon can only hope 
to expose the deception by contriving in some nnexpected way to 
obtMin positive evidence showing that the mans statements are 
untrue. Many ingenious traps, some of doubtful propriety, have 
been devised with this object in view, and various cases have been 
recorded in which the simulator has been caught unawares, and 
the deception exposed, by their means. A harmless trap of the 
kind was laid successfully in the following case. 

Case. — ^Private G. McA., cet. 10, was Pent after enlistment to the depot at 
Parkhurst. Subsequently to his arrival there he declared his A^\\t to be ex- 
tremely defective, and he was reported to be unable to learn his drill on this 
account. He was then examined by a medical board at Portsmouth. The board, 
not finding any thinjj^ to explain the alleged condition, sent him back to Park- 
huriat. The surgeon in charg'i asrain after some time reported his inability to 
serve as a soldier on account of defective sight, «nd he was ordered to Neiley 
for observations. At Netley, according to statement, 100' Snellen could not lie 
seen beyond 2 J' ; finirera could not be counted farther off than 1', and hardly 
at that distance. Nothinj? abnormal could be detected in either eve by ophthal- 
mosf'opic or ordinary examination. When tried with lenses all replies were 
negative ; he persisted in saving that he could see nothing thr«)ugh them at any 
distance. The extreme degree of amblyopia complain^Ki of was inconsistent 
with many of the man's observed actions, but it was ditRcult to get a positive 
proof sufficient to convince others of the deception, and a trap was therefore laid 
for him. While walkii'g he was suddenly told by a sergeant in the presence of 
a witness to pick up a pin which had been purposely placed a little way off on 
the floor before him. The man, being taken unawares, at once stooped and 
picked it up. He was sent back to the depot and made no further complaint of 
weak sijrht. 

If the man admits that he can see objects of known dimensions, 
the hands and figures of a clock for example, up to some particular 
distance, the surgeon can notice whether, after varied changes in 
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position of the object, he always returns to the same distance as 
his limit of clear vision. 

If the man is able to read, the distance at which a given type 
of Snellen's standard is read may be noted, and observation made 
whether he reads the larger types, illumination and other con- 
ditions being alike, at proportionate distances. If he should state 
he is not able to do so, and he still maintains that neither concave 
nor convex glasses make distant objects clearer, and there is no 
evidence of the presence of astigmatism, it is obvious that he is 
trying to deceive. Where there is a command of lenses of many 
varieties of focal range, the demonstration that he is simulating 
his alleged defect of sight is comparatively easy. 

I would not, however, wish it to be inferred from the above 
remarks, that I believe attempts at fraud, in respect to defective 
vision, are frequently to be met with among soldiers in the ranks. 
On the contrary, my experience leads me to believe that in the 
greater number of instances which have been suspected to be in- 
stances of deception, real disabilities have existed, though their 
true natures have not been ascertained. The patients have been 
supposed to be malingering because suflScient time and attention 
has not been devoted to the elucidation of their cases, or because 
the determination of the existence of the particular defective 
conditions of sight under which they were labouring was not 
included in the surgeon's range of diagnosis. 



CHAPTER X. 

APPENDIX OF EXTRACTS FROM MUSKETRY AND OTHER REGULATIONS 
CONCERNING EYESIGHT WHICH AFFECT MEDICAL OFFICERS ; WITH 
yOTYS ON CERTAIN OTHER MATTERS REFERRED TO IN THE BODY 
OF THE WORK. 

Quality of Eyesight for Musketry Practice— Spectacles— Firinjf from Left Shoulder 
— Good Sight and Proficiency in Shooting — Aiming Drill — Judging Distance 
Drill — Attendance of Medical Officers at Target Practice— Range of V. of 
Candidates for the Royal Military Academy at Woolwich— For Commissioned 
Officers of the Army — Militia Regulations regarding V. — Indian Government 
Services — Admiralty Instructions concerning Eyesight — Rules in the German 
Navy — Degrees of Visual Deficiency, M., &c., which exclude from Military 
Service in Foreign Armies : Holland, France, Germany, Italy, Austria, 
Belgium, Switzerland, Denmark, Spain, and Portugal. 

Qnality of Eyesight for Musketry Practice. — ' No soldier is on 
any account to be exempted from musketry training on the plea of 
alleged bad sight, or on any plea which, if valid, would tend to 
prove him unfit for service. When the medical officer certifies 
that a man cannot see bevond a certain distance, he must lire 
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in both ''range" and "field "practices according to his powers 
of vision, and his points must be included in the total from which 
the merit of the practice is calculated. Spectacles may be worn. 
If the medical ofiicer certifies that a man has defective vision of the 
right eye, he may fire from the left shoulder.' — (Regs, for Musketry 
Instruction, 1887, par. 20, p. 14.) 

Good Bight and Proficiency in Shooting. — *It cannot be too 
strongly impressed upon the recruit that any man who has no de- 
fect in his sight can be made a fairly good shot, and that no per- 
fection he may have attained in other parts of his drill can, 
when on service, remedy any want of proficiency in shooting.' — 
(Regs, cit., par. 24, Ch. II. p. 17.) 

Aiming Drill. — ' Aim, which must be an exactly true one, must 
be taken along the bottom of the notch, or the top of the centre 
white line of the backsight, and the tip of the foresight to the 
centre of the mark aimed at.' 

* The eye must be fixed on the mark aimed at, and not on the 
foresight. Recruits are apt to fix the eye on the foresight instead 
of the mark, in which case the mark cannot be distinctly seen, and 
the difficulty of aiming is greatly increased.' 

' In taking aim the left eye must be closed. If a recruit is not 
able to do this at first, he will soon succeed by tying a handker- 
chief over his left eye.' 

' It cannot be too strongly impressed on every man, that to 
shoot well at long ranges, he must train and strengthen his eye 
by looking at small objects at loig distances. Short-sighted men 
should aim at distances according to the power of their eyesight ; 
they may wear spectacles.' — (Regs, cit^ pp. 76-78, paras. 54 
and 57.) 

Judging Distance Drill. — * The object is to teach the soldier 
to judge with tolerable accuracy the distance he is from the object, 
so that he may be able to regulate the elevation of his rifle. He 
will be taught to judge distance by sight and by sound.' 

' Instructors must bear in mind that the eyesight of different 
men varies considerably, and that consequently they must not 
expect the observations and answers of every man will be the 
same.'— (Regs, cit., pp. 98-100, par. 101.) 

' Between the flash or smoke of a rifle or gun and the sound of 
the report a certain time elapses. If this period of time be care- 
fully noted in seconds, the distance the sound has travelled can 
then be calculated. Judging distance by sound can only be looked 
upon as auxiliary to judging by sight. It is the only method by 
which distance can be judged at night.' — (Regs, cit , paras. 106 and 
198.) 

Attendance of Medical Officers at Target Practice. — ' The attend- 
ance of medical officers at target practice under ordinaiy circum- 
stances is unnecessary, but the name and address of a medical 
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officer, to whom application could be made in case of accidents, is 
to be communicated to all officers in charge of parties proceeding 
to target practice : this officer is not to be absent from his quarters 
or hospital during the period the target practice is being carried 
on. Should exceptional circumstances arise which would appear 
to render expedient the presence of a medical officer on a range, 
the general or other officer commanding may, after consulting the 
principal medical officer, direct the attendance of one when neces- 
sary. The principal medical officer is to report all cases of this 
nature for the information of the Director-General of the Army 
Medical Department, in order that timely provision may be made 
for the performance of the duties of the medical officer so em- 
ployed.'— (Regs, cit.^ par. 124, p. 107.) 

Quality of V. neoessary for Commissioned Officers in the British 
Army. — The following Regulations and Instructions for the visual 
examination of candidates for commissions were promulgated to 
the Army by direction of the Secretary of State for War on 
September 1, 1887 :— 

1018^. Letters and numbers corresponding to Snellen^s metrical test-types 
(edition 1885) will be used for testing the standard of vision. If a candidate's 
vision, measured by Snellen^s test-^pes, be such that he can read the types 
numbered D = at 6 meties or 20 English feet, and the types numbered D == 6 
at any distance selected by himseU^ with each eye separately and without 
glasses, he will be considered fit. 

101 8c. If a candidate cannot read with each eye separately, without glasses, 
Snellen's types marked D = 36 at a distance of 6 metres or 20 English feet, i.e. 
IP he do not possess one-sixth of Soelleu's standard of normal acuteness of vision, 
although he may be able to read the types D = 0-6 at some distance with each 
eye, he will bo considered untit. 

iOId(i. If a candidate can read with each eye separately Snellen's types 
numbered D = 36 at a distance of 6 metres or 20 ^kogli^h feet without glasses, 
but cannot read them beyond that distance, i.e. if he just possesses one-sixth of 
nitrmal acuteness of vision, and his visual deticiency is due to faulty refraction, 
be may be passed as fit, provided that, with the aid of correcting glosses, he can 
lead Snt,llen's type D = 6 at 6 metres or 20 English feet, with one eye, and at 
least Snellen's types D = 12 at 6 metres or 20 English feet, wiih the other eye ; 
and, at the same time, can read Snellen's type marked D = 0"8 with one or both 
ejes, without the aid of glasses, at any distance the candidate may select. 

Squint, inability to distinguish the principal colours, or any morbid condi- 
tion, subject to the risk of Hggravation or recurrence in either eye, will cause 
the rejection of a candidate. 

Quality of Sight of Sight Eye necesaary for Militia Eecndts. — 
It is laid down in the ' Regulations for the Militia, War Office, 
1 883/ as regards the medical examination of recruits (Part 1 , sect. 2, 
page 32), that one of the principal points to be attended to is, 
* that his (the recruit's) vision is good, or at least sufficiently good 
.to enable him with his right eye to discern objects clearly at not 
less than 300 yards.' No particular size of object is specified in 
these Regulations, nor is any visual limit mentioned as regards the 
^eft eye. 
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Indian Oovemment Servicefl. — The rules affecting candidates for 
the various branches of the Indian Government Service have been 
already mentioned under their separate headings in Ch. IX. They 
are explained in detail in a pamphlet entitled * Regulations as to 
Defects of Vision which Disqualify Candidates for Admission into tho 
Civil or Military Government Services. By Sir J. Fayrer, K.C.S.I. 
LL.D., F.R.S., &c., President of the Medical Board, India OflSce. 
2nd Edition. London : J. and A. Churchill, 1887.' 

Quality of Vision necessary for Officers and Men of the Boyal 
Navy and Boyal Marines. — The following directions to medical 
officers in regard to the examination of the quality of vision pos- 
sessed by men or boys seeking admission into the Naval Service or 
into the Royal Marines are laid down in the ' Queen's Regulations 
and Admii'alty Instructions (1879).' The medical officer is ordered 
to observe whether the person's eyesight is defective, and if it 
should be so to such an extent as might, in the opinion of the 
examining officer, disqualify him for the efficient discharge of the 
duties that would devolve on him, he is to report him unfit for the 
service. He is further instructed (par. 1074) that ' the eyes should 
be clear, intelligent, expressive of health, and the eyesight good.' 
In the succeeding paragraph of the ' Instructions ' (par. 1075), it is 
laid down that ' persons of whatever class or age, who are found to 
be labouring under certain physical defects, are to be considered 
unfit for Her Majesty's Service,' and among these defects is men- 
tioned * blindness or defective vision in one or both eyes.' The 
following directions also occur in the same code of ' Regulations ' : 
* Whenever test-types are supplied, the power of vision of each 
eye separately, as well as together, is to be ascertained ; but before 
finally rejecting a person who has failed to read the types, he is to 
be tested with objects familiar .to him, and at distances corresponding 
to the sizes of the objects, as the inability occasionally arises from 
other " causes than defective " sight. When the sight is found de- 
fective, the particulars are to be recorded in the register of physical 
examination when required to be kept, how far short of the normal 
distances given in the test-types could the letters or figures be seen, 
and, where one is more defective than the other, the limit of good 
vision of each eye is to be noted.' 

It is all the more important that naval officers and seamen should 
possess normal acuteness of vision, inasmuch as the use of cor- 
recting glasses is less admissible under the conditions of sea life 
than it is among officers and men engaged in ordinary military 
duties on land. 

Bules for determining Yisnal Competency in the Oerman 
Navy. — The fitness of candidates in the Navy of Germany is deter- 
mined by the degree of visual acuteness, and the- capability of its 
correction by suitable spectacles in case it is below the normal 
standard. The Imperial Admiralty Orders (June 26, 1872) are 
to the following efiect : — 
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1. The acuteness of vision is to be tested by Snellen's test-types. When the 

types can be read at the denominated distances it is to be considered 
normal, or= 1. The certificate must state clearly the reoult of this ex- 
amination. 

2. If the acuteneas of vision be not normal, the surgeon must determine by 

ophthalmoscopic examination whether there is any organic disease of the 
inner parts of the eye. If there be, the candidate is to be considered 
untit. 

3. In the absence of organic disease of the eye, the following limits are to be 

adhered to : — 
(a) Candidates who recognise Snellen's types at f of the denominated 

distance, i.e. whose visual acuteness is = |, are to be considered tit 

for the naval service. 
(6) Candidates who recognise the types at distances between f and 5 of 

the normal distance, can be admitted, provided it is proved, by 

the application of spectacles, that their diminished visual power is 

perfectly corrected oy their help. 
((') Candidates whose visual power is only | or less, are to be considered 

unfit for the naval service. 

Degree of M., Deficiency of Visual AcuteneBs, etc., which exclude 
from Military Service in Foreign ArmicB. — ^The degrees of ametropia 
and amblyopia which exclude men from military service, or which 
exclude from service in particular parts of foreign armies, vary in 
different countries. They have been considerably modified in most 
of them of late years, and the rules shown in previous editions of this 
Manual are now altered in many particulars. In some countries 
the rules regarding the degrees of the disqualifying defects, 
and also regarding the methods by which they are to be deter- 
mined, are now laid down with much minuteness and precision. 
A study of the various regulations regarding visual defects and the 
modes of testing them will be found to be very instructive. I have 
obtained copies of the most recent orders on these subjects in the 
principal armies of Europe, and in collecting them Dr. Gori, Lector 
on Military Surgery and Hygiene in the University of Amsterdam, 
has afforded me valuable assistance. 

Holland. — In Holland, Dr. Gori informs me, the Royal Act of 
November, 1883, decrees that M. = 2*5 D and upwards of the 
right eye in case the left eye is normal, and 7 D and upwards of 
the left eye in case the right eye is normal, renders a conscript 
unfit for service. The degree of M. is to be determined after 
mydriasis by atropine (homatropini hydrobrom. 2 per cent.), or by 
a refraction ophthalmoscope. 

H. (total hypermetropia) = 6*0 D of right eye, in case the left 
eye is normal, and H. = 9*0 D, or higher of the left eye, in case the 
right eye is normal, also unfit for military service. 

Ast. to such an amount that V. (visual acuteness) is reduced to 
less than ^th in the right eye, the left being normal, or to less than 
■g^th in the left eye, the right eye being normal, entails unfitness 
for service in the army. 

The rules are different for the volunteers of the military service. 

q2 
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By the Act already quoted, volunteers using portable firearms must 
have V. (visual acuteness), without glasses, not less than f ths for 
the right eye, or ^ for the left eye. 

In case volunteers cannot fulfil the above requirement, owing 
to M. or H., they are admissible for service, if under 20 years of 
age, with M. = 1 D, or if over that age with M. = 1*5 D ; and 
with Hm. = 1-0 D if under 20 years of age, and with Hm. = 2*0 D 
if beyond that age ; provided that V. after correction by glasses 
is rendered distinctly = 1. 

Medical cadets and candidates for army commissions who do 
not require acute distant vision are admissible if V. of one eye is 
not less than |^ths, and of the other not less than ^ ; or with V. of 
one eye equal to 1, and V. not below ^rd of the other. In case 
of M. being the cause of the deficiency of V., medical cadets and 
candidates are admissible with M. = 30 D, or, in case of H. being 
the cause, with H. not exceeding 2*0 D, provided V. is rendered 
= 1 by correction with glasses. 

France. — In accordance with the instructions of the French 
Army Sanitary Council (Conseil de Sant6 des Armies), of February 
27, 1877, on the diseases or faults of conformation which unfit 
for military service, whatever the nature of the lesion may be, 
if it reduces V. to -^th in the two eyes, or in the right eye, or to 
■j^th in the left eye, or causes a diminution of about a half of the 
temporal angle of the field of vision, it renders the subject unfit 
for military service in the French army, unless, being the result of 
simply refractive defect, it can be corrected by glasses. 

M., however, higher than 6*0 0, or complicated with muscular 
or accommodatory insufficiency, or with lesion of the ocular fundus, 
renders the subject of it unfit for service in the army. In the 
auxiliary service, M. between 6*0 D and 90 D is a cause of unfit- 
ness. The degree of M. must be determined by the optometer or 
by the ophthalmoscope. 

H. renders unfit for service whenever it causes V. to be below 
:^th in the right, or ^th in the left eye. The determination of 
H. suffices ; it is not necessary to specify the degree. The upright 
image of the fundus must be clearly visible, without dilatation of 
the pupil, by the aid of an ophthalmoscopic mirror at a distance of 
from 4 to 6 inches from the eye. In the auxiliary service H. which 
lowers V. below -J-th is a cause of unfitness, even though capable 
of correction by glasses. 

Ast., like H., renders unfit for service whenever it causes V. to 
be below ^th in the right, and j-^th in the left eye. 

By decree of May 12, 1877, the use of spectacles by soldiers in 
the ranks -was permitted, and in 1879 a certain number of pairs 
of spectacles were officially sent to different corps of the army. 

Oermany. — In the German army a reduction of V. to -J-th, or 
below, causes permanent ucfitness for military service in recruits ; 
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reduction of V. in both eyes to ^, or less, but not as low as -Jth, 
allows recruits to be conditionally fit. M., when the distant point 
of the better eye is 0-15 m. (6 in.), or less, even though V. is 
normal at and within this distance, renders recruits permanently 
unfit; M., with a distant point of more than 0-15 m., when V. 
after correction by glasses is more than half normal V., allows con- 
ditional fitness. Blindness of either eye is a cause of unfitness. 
Examination of V. in the recruiting service is, as a rule, to be by 
sight-tests, and Snellen's test-types are to be used till further 
orders. TTie results are to be expressed as regards V. in non- 
reduced fractions (^ or f^, not ^ or 1). 

As regards drilled soldiers, and men entitled to pension, 
reduction of V. in both eyes, if less than ^, but more than -J, of 
normal V., causes unfitness for field service ; reduction of V. in the 
better of the two eyes to -J- or less causes unfitness both for field 
and garrison service. Blindness of one eye causes also unfitness 
for field and garrison service. 

No special rules are laid down aa regards H. or Ast. 

A War Ministry Order of July 15, 1881, makes known to 
medical oflBcers that garrison-hospitals can be supplied with bi- 
concave or bi-convex spectacles for troops of the infantry, and 
spectacles with thread-covered steel frames for mounted troops, in 
a case at 2^ marks (about 2$. 6cJ.), or, with postage, 2*9 marks 
(nearly 3«.). 

Italy. — The "Royal Decree of September 26, 1881, by which 
the previous list of infirmities exempting from military service 
was modified, rules that reduction of V. to ^rd of the normal 
in the right eye, or to j^th in the left eye, although V. in 
the right eye is up to the normal, if caused by organic changes or 
incurable disorders of the globe of the eye, incapacitates for military 
service in the army of Italy. The existence and degrees of the 
defects must be established in a military hospital, must be recog- 
nised to be irremediable, and their nature must be specified by a 
medical oflBcer skilled in their diagnosis. By normal vision is 
understood the V. which permits objects to be distinguished under 
a visual angle not larger than 5'. 

M. = 6*0 D or higher in the right eye, when accommodation 
is paralysed, incapacitates for military service. 

Hm., such that with Ace. intact, and with the naked eye, there 
is not the power, under binocular vision, and at a distance of 
0-30 m. (12 inches), to read printed characters of one millimetre 
in height, or to distinguish signs and objects of like dimensions ; 
and that, with Ace. paralysed (total H.), amounts to G-0 D in the 
right eye, exempts from military ser\'ice. 

Ast., such that V. in the right eye is reduced below |rd of 
normal V., also renders unfit for military service. 

The existence and degrees of the refractive defects above 
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mentioned mast be certified in a military hospital after employing 
all the scientific means available, including ophthalmoscopic obser- 
vation and, when needed, atropinisation. 

As regards refractive defect, whatever may be its degree, if the 
left eye only is involved, it does not cause exemption from military 
service. 

Austria. — The Austrian Recruiting Regulations of 1883 (' In- 
Btruktion zur aerztlichen Untersuchung der Wehrpflichtigen,' 
Wien, 1883) give more precise directions as regards visual limits 
of fitness for military service than pi'evious regulations on the 
subject. The necessary visual power (V.), which was before at 
the discretion of indiv^idual examiners, is fixed by them. It 
is mentioned in them that Snellen's types and objects, metrically 
numbered, have been introduced as sight-tests. 

Reduction of V., but leaving more than one-half of normal V., 
does not incapacitate men for military service who are fit in other 
respects ; reduction of V., but leaving more than ^ normal V. in 
the right eye, accompanied by reduction of V. to less than ^, or 
even to ^J^th of normal V. in the left eye, incapacitates for general 
military service, but does not incapacitate for the Purveying and 
Clothing Departments and certain other portions of the army ; re- 
duction of V. to less than ^ in the better of the two eyes incapaci- 
tates for military service, but only after subsequent confirmation. 

M. with a distant point of distinct V. at 12 inches from the 
eye, or beyond, does not cause unfitness for military service. M. 
with a distant point limited to 8 inches, if V. is good, though 
rendering unfit for general military service, does not incapacitate 
for service as medical oflBcers, dispensers, in the clothing and 
administrative departments, or as one-year volunteers. M. with a 
far point of 12 inches or less, if the man is able to read printed 
letters, or recognise figures of |^rd of a Vienna line in height and 
breadth at any distance from the eye when wearing concave 4-inch 
spectacles, determines unfitness for military service. If the man is 
able to read the test-objects under these conditions, he gives a posi- 
tive proof that he is myopic beyond the limit of fitness, i.e. beyond 
-jijrth. If, although myopic, the man cannot read the print with the 
—4" spectacles, he is to be sent to a military hospital for further 
scientific examination. 

H. of such a degree that the man is able to read printed 
letters, or recognise other characters of 1 Vienna line in height, and 
of corresponding breadth, at a distance of more than 12 inches from 
the eye when wearing +6" spectacles, unfits for service. Ex- 
perience has proved that hypermetropic persons can comply with 
this test only when their H. is above ^th. If the hypermetrope 
cannot satisfy this test, further special examination is to be made 
at a military hospital. If H. is not so high in degree as ^th, it 
does not cause unfitness for military service. 

Strabismus affecting either eye, if its central visual power is less 
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than ^ of normal V., determines unfitness ; strabismus affecting the 
left eye, if its visual power is more than ^ of normal V., does not 
cause unfitness for military service. 

Belgium. — The latest Belgian Regulations determine that reduc- 
tion of V. in the right eye to ^rd of normal V. causes exemption 
from military service. Reduction of V. even below this limit in the 
left eye, by itself, does not cause exemption. Blindness of either 
eye causes unfitness for military service in the Belgian army. 

M. of right eye, after paralysis of Ace, = 6'0 D or above, causes 
unfitness for military service. M. of even higher degree, in the 
left eye, does not by itself warrant exemption from service. 

H. of right eye, after paralysis of Ace, =60 D or above, causes 
unfitness for military service. H. of even higher degree in the 
left eye does not by itself warrant exemption from service. 

Strabismus, with considerable contraction of the visual field, 
exempts from military service. 

Switzerland. — The Swiss Army Regulations lay down the rules 
that the minimum of V. for the artillery is 1 ; for the infantry is 
g^ths ; and for all other troops is ^ of normal V. All men in whom 
deficiency of V. may be corrected by ordinary + or — spherical 
glasses, and brought to a standard of ^ up to normal V., are ruled 
to be fit for military service. They are permitted to wear spectacles. 
V. less than ^ incapacitates for service, excepting as regards medical 
oflBcers, in whom V. = ^ is tolerated. Whenever V. in one eye is 
normal, V. in the other may be as low as ^th ; but, unless the eye with 
normal V. is the right eye, such men cannot be employed as riflemen. 

Either M. or H. of higher degree than 4*0 D excludes from 
service in infantry or cavalry, even although it admits of correc- 
tion by glasses. 

Ast. is judged under the general rules for V. 

Denmark. — The rules in the Danish army are the following : — 

V. below -^th (iVV Snellen) incapacitates for military service. 

M. up to 2-25 |D for combatants, and from 2 50 D to 500 D 
for other troops, does not incapacitate for military service 5 above 
5*00 D unfits for service. 

H. up to 4*50 D for combatants, above this degree for other 
troops, incapacitates for military service. 

Ast. is judged by the standard of visual acuteness. 

Spain and Portugal. — In the Portuguese army, M. of such a 
degree that the man can read or distinguish small objects at a dis- 
tance of 025 m. (10 in.) with glasses of —80 D, or higher, and 
can see distant objects through glasses of -- 7*0 D, unfits for military 
service. In the Spanish army M., characterised by the possibility 
of reading small printed characters at a distance of 0-35 m. (14 in.) 
with glasses of —60 D, and being unable to distinguish them 
with -2-0 D, exempts from military service. No precise rules 
appear to be laid down as regards H. or Ast. in the Regulations of 
either the Spanish or Portuguese armies. 
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— of 'finite rays,' 18 

— of hemeralopia, 169 

— of hemiopia, 171 

— of hypermetropia, 73 

— of * infinite rays,* 17 

— of * infinity,* 17 

— of lenses, 19 

— of myopia, 60 

— of nyctalopia, 170 

— of oversiglitedness, 73 

— of * pencil of rays,' 6 

— of perfect vision, 2 

— of presbyopia, 130 

— of prisms, 31 

— of * radiation,' 6 

— of • ray of light,* 6 

— of scotoma, 172 

— of shortsightedness, 60 

— of strabismus, 137 

— of * visual angle,' 10 
Degree of hypermetropia, 80 

— of myopia, 67 
Diagnosis of asthenopia, 174 

— of astigmatism, 90 
ophthalmoscopic, 1 1 1 

— of colour-blindness, 147 

— of defects of vision, 190 

— of emmetropia, 69 

— of hypermetropia, 78 
ophthalmoscopic, 1 10 

— by keratoscopy, 120 

— of myopia, 65 

ophthalmoscopic, 110 

— of oversight-edness, 78 

— of presbyopia, 133 

— of shortsightedness, 65 
Diffusion, circles of, 62 

— images in astigmatism, 88 
Dimsightedness, 177 
Diplopia, 5 

— images homonymous, 4 

— images crossed, 6 

• — and strabismus, 139 
Disqualifying visual effects, 199 
Distance, art of judging, 50 
Divergent strabismus, 137 
Double concave bn^^es, 19 

— convex lenses, 19 

— vision, 6 

Duplex-focal spectacles, 45 
Dyschromotopsia, 144 



Emmetbopia, 59 
— definition of, 59 
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Einf 

Emmetropia, diagnosis of, 69 

— objective diagnosis of, 110 

— optical conditions in, 59 
Eqniconcave spectacles, 1 9 
Equiconvex spectacles, \9 
Estimate of astigmatism, 89 
Exaggeration of myopia, 68 
Examination, visual, of recrnits, 189 
of soldiers, 196 

Eye, accommodatory power of, 125 

— assumed blindness of, 217 

— lateral illnmination of, 196 

— left, aiming with, 217 

— loss of sight of one, 210 

— movements of, 13 

— optical examination of, 2 

— protectors, 47 

— range of motion of, 15 
Eyeglasses, 42 

— single, 42 

Eyes, assumed visaal defects of, 217 



Field of view, 14 
— of vision, 11 

binocnlar, 12 

determination of, 13 

limits of, 12 

monocular, 11 

objects in, 16 

shape of, 13 

Finite rays, 18 

Focal adjustment, varieties of, 57 

distances of lenses, 24 

Formula for range of accommodation, 

126 
Franklin glasses, 45 
Fraud, detection of, in alleged defects 

of vision, 217 
Function of accommodation, ] 25 



LEN 

Hypermetropia, 73 

— absolute, 78 

— acquired, 74 

— degree of, 80 

— diagnosis of, 78 

— facultative, 78 

— latent, 77 

— lens for correction of, 81 

— manifest, 77 

— and miliiaiy service, 82 

— objective diagnosis of, 110 

— optical causes of, 74 

— relative, 78 

— remote causes of, 74 

— symptoms of, 75 
Hypermetropic strabismus, 76 

— vision, 75 
Hypometropia, 67 



Illumination, lateral, of eye, 196 

— of objects, 15 
Images, crossed, 4 

— formed by lenses, 36 

— homonymous, 4 

— in strabismus, 141 

— on retina, 9 

— retinal, inversion of, 9 

sizes of, 1 1 

Infinite rays, 17 
Isometropia, 58 

Jager's test-types, 157 
Judging distance, 50 

drill, 224 

importance of, 80 

practice of, 51 

by sight, 50 

by sound, 224 



Glass, crown, for spectacles, 37 
Glasses, duplex focal, 45 

— eye, 42 

— Franklin, 45 

— pantoscopic, 42 

— periscopic, 43 

— prismatic, 48 

— spherical, imperfections of, 43 

— stenopceic, 49 
Goggles, 47 

— issued to troops in Egypt, 48 



Haib-wihe optometer, 156 
Hemeralopia, 169 

— definition of, 170 

— simulated, 170 
Hemiopla, 171 

— definition of, 171 



Eebatoscopt, 116 

— arrangements necessary for, 116 
appearances in, 117 

— concave mirror, 116 

— correction of ametropia by, 211 

— diagnosis by, 119 

— estimate of ametropia by, 119 

— in military practice, 116 

— nature of, 118 

— plane mirror, 121 



Latent hypermetropia, 77 
Lateral illumination of eye, 196 
Law of visible direction, 9 
Lens, aperture of, 26 

— concave, power of. 24 

— convex, power of, 24 

— cylindrical, power of, 36 
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LEN 

Lens, optical centre of, 21 

— power of a, 24 
Lenses, 19 

— astigmatic, 28 

— bi-concave, 19 

— bi-convez, 19 

— bi-cylindrical, 30 

— centres of curvature, 20 

— composition of, 37 

— concave, 19 

— converging, 19 

— convex, 19 

— cylindrical, 28 

— description pf, 21 

— diverging, 19 

— double concave, 20 
convex, 20 

— daodecimal system, 23 

— duplex focal, 45 

— focal distances of, 24 

— for correcting myopia, 68 

— for correction of hypermetropia, 
81 

— for spectacles, 40 
adjustment of, 41 

— images formed by, 37 

— meniscus, for spectacles, 44 

— metrical system, 23 

— numeration of, 23 

— qualities of, 21 

— quartz, how to distinguish, 38 
or pebbles, 37 

— ready tests of, 34 

— spherico-cylindrical, 30 

— tinted for spectacles, 46 

— trial case of, 33 
Light, permeability to, 7 

— radiation of, 6 

— reflection of, 8 

— refraction of, 8 

— transmission of, 7 

Loss of sight of one eye, 210 



Manifest hypermetropia, 77 
Marksmen, vision essential for, 201 
Measure of accommodation, 126 

— of deviation in strabismus, 142 
Measurements, symbols for expressing, 

57 
Military service and shortsightedness, 

73 
Monocular aim, 53 
purpose of, 54 

— field of vision, 11 

— vision, 2 

Movements of the eye, 13 
Myopia, 60 

— and military service, 73 
.-. causes of, 61 

— correction of, 68 



FEB 

Myopia, counterfeit, 69 

— definition of, 60 

— degree admitting zecruite, 186 

— degree of, 66 

— diagnosis. of, 65 

— disqualifying degree of, 199 

— exaggerated, 68 

— - Genl. Sir 0. Napier's, 210 

— objective diagnosis of, 1 10 

— over-correction of, 69 

— simulated, 63 

— symptoms of, 61 

— with presbyopia, 135 
Myopes, acuteness of vision in, 202 

— at rifle instruction, 2u7 

— effects of twilight on, 205 

— visual difficulties of, 20a* 
Myopic strabismus, 64 

— vision, 60 

special degrees of, 204 



Nbab-stghtedness, 60 

Kephelopia, 177 

— from keratitis or iritis, 177 
Night-blindness, 169 
Normal vision, 2 
Numeration of lenses, 23 

daodecimal system, 23 

equivalents, 26 

metrical system, 23 

two systems compared, 24 

Nyctalopia, 170 

— nature of, 171 

Objects, brightness of at different 
distances, 15 

— illumination of, 15 

— in visual field, 15 

— motion of in visual field, 16 
Ocular diagnosis, objective, 105 
subjective, 104 

— movements, 14 
Ophthalmoscopes, refraction, ill 
use of, 112 

Optical examination of eye, 2 
Optic axis, 5 

Optometer, hair- wire, 166 
Optometers, 155 
Optometric test-objects, 156 
Over-correction of myopia, 69 



Pantoscofic spectacles, 42 
Paralytic strabismus, 141 
Pencil of rays, 6 
Perimeters. 12 
— substitutes for, 13 
Periscopic spectacles, 45 
Permeability to light. 
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Presbyopia, 130 

— abnormal, 132 

— accommodation in, 134 

— causes of, 131 

— correction of, 134 

— definition of, 130 

— degree of, 134 

— diagnosis of, 133 

— - optical conditions of, 131 

— symptoms of, 133 

— visual changes in, 1 32 

— with hypermetropia, 135 

— with myopia, 135 
Prismatic spectacles, 48 
Prisms, ophthalmic, 31 

— qualities of, 31 

— refracting properties of, 32 



Quality of sight for Indian Civil 

Service, 213 

Medical service, 216 

Marine service, 216 

for Line Officers, 211 

for Medical Staff, 214 

for Militia, 225 

for other Indian Government 

Departments, 214 

for Royal Artillery, 215 

for Royal Engineers, 216 

for Royal Marines, 226 

for Royal Navy, 216 

for School of Musketry, 223 

required in recruits, 189 

in soldiers, 195 

Quartz for spectacles, 37 

— to distinguish from glass, 38 



Radiation of light, 6 
Range of accommodation, 128 

and power of vision, 125 

formula for exprf ssing, 126 

Rays, converging pencil of, 6 

— diverging pencil of, 6 
— - finite, 18 

— infinite, 17 

— parallel, 6 

Ready tests of lenses, 34 

Recruits, visual examination of, 189 

standard for, 186 

— test-dots, 180 
Rectangular test-dots, 181 
Reflection of light, 8 
Refraction of light, 8 

— ophthalmoscopes. 111 
use of, 112 

Region of accommodation, 128 
Regulations, visual, Austrian army, 

230 
Belgian army, 231 



SPE 

Regulations, visual, Dutch army, 227 

French army, 228 

German array, 228 

Italian army, 229 

Portuguese army, 231 

Spanish army, 231 

Swiss army, 231 

Relative acuteness of vision, 156 
Retina, inversion of images on, 9 
Retinal angle, 11 
— images, 9 

crossed, 4 

homonymous, 4 

Betinoscopy, 116 



Scotoma, 172 

— central, 172 

— excentric, 173 
Shooting at long ranges, 65 
Shortsightedness, 60 

— Genl. Sir C. Napier's degree of, 
210 

Sight for long ranges, 66 

— loss of, in one eye, 210 

— normal, nature of, 2 

— quality of, for Indian Government 
Civil Services, 213 

for Indian Medical Service, 216 

for Indian Navj', 216 

for Line Officers, 211 

for Medical Staff. 214 

for Militia, 225 

for Royal ArtUlery, 216 

for Royal Engineers, 215 

for Royal Marines, 216 

for Royal Navy, 216 

for School of Musketry, 216 

Sight-tests, Burchardt's, 160 
Simulated blindness of one eye, 217 

— defective vision of both eyes. 222 

— defects, modes of detection, 218 

— exaggeration of myopia, 221 

— myopia, 63 

Size of an object, estimation of, U 
Snellen's test-types, 168 

— types, metrical, 160 
Snow- blindness, 170 

Soldiers, power of sight essential for. 
201 

— visual examination of, 196 
Spectacles, 40 

— arrangement of, 40 

— bulk and weight of, 40 

— crown glass, 37 

— distance of, from eyes, 42 

— duplex- focal, 45 

— equi- concave, 43 

— equi-convex, 43 

— frames of, 42 

— necessary qualities of, 41 
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Spectacles, pantoscopic, 42 

— pebble, qualities of, 38 

— periscopic, 43 

— prismatic, 48 

— quartz, 38 

— stenopoeic, 49 

— tinted lenses for, 46 

— use of, at rifle practice, 208 

— use of, by British soldiers not sanc- 
tioned, 208 

by commissioned officers, 210 

by French soldiers sanctioned, 

228 
by German soldiers in war of 

1870-71, 209 
Spherical aberration, 26 
Spherico-cylindrical lenses, 30 
Stenopoeic holder, 49 

— hole, 48 

— slit, 49 

— spectacles, 49 
Stereoscope, 219 
Strabismus, 137 

— and diplopia, 139 

— and military service, 143 

— apparent, 138 

— concomitant, 139 

— convergent, 137 

— definition of, 137 

— deviation in, 137 

— divergent, 137 

— effect of prisms in, 33 

— forms of, 137 

— hypermetropic, 76 

— images in, 76 

— impaired vision with, 140 

— measure of deviation in, 142 

— myopic, 64 

— paralytic, 141 

— primary deviation, 142 

— secondary deviation, 142 

— treatment of, 143 
Strabometer, 49 

Strengthening sight for sho ting, 55 
Suspected exaggeration of myopia, 

221 
Symbols for expression of measure- 
ments, 67 
S\ mptoms of astigmatism, 86 
-^ and diagnosis of amblyopia, 167 

— of asthenopia, 173 

— of hypermetropia, 75 

— of myopia, 61 

— of presbyopia, 133 

— of shortsightedness, 61 



Taboet buirs-eyep, 182 

. visual angles of, 183 

— centres, 182 
^ figures, 183 



VIS 

Target figures for range practice, 
183 

visual angles of, 184 

Test-dot card, 189 

Test- dots, application of, 188 

circular, 186 

at 5 feet, 187 

at 10 feet, 186 

counting, 180 

for military purposes, 180 

for recruits, 188 

rectangular, 181 

rules for use of, 188 

visual quality shown by, 186 

Test objects, optometric. 155 
Tests for astigmatism, 90 
Test-types, Jiiger's, 157 

in military practice, 163 

Snellen's, 158 

their uses, 163 

Tinted lenses for spectacles, 46 
Tourmaline forceps, 39 

application of, 38 

Trial lenses, 33 



Yabibties of astigmatism. 95 
View, field of, 14 
Visible direction, law of, 9 
Vision, acuteness of, 153 

— alertness of, 164 

— astigmatic, 87 

— binocular, 3 

— colom-ed, 153 

— double, 5 

— field of, 11 

binocular, 12 

measurement of, 1 2 

monocular, 1 1 

— for soldiers in the ranks, 201 

— for Indian Civil Service, 213 

Marine service, 216 

Medical service, 215 

— hypermetropic, 76 

— monocular, 2 

— myopic, 60 

— necessary for marksmen, 201 
for officers, 209 

— normal, 2 

Visual acuteness, central, 155 

measurement of, 155 

normal, 163 

quantitative, 134 

relative, 166 

— angle, 10 

— axis, 5 

— examination, 189 

appliances, 190 

of soldiers, 195 

pressure on eye, 191 

room for, 190 
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Visual examination, spectacles at, Yisaal regulations in German army, 

2L1 228 
deception at, 193 in Italian army, 229 

— field, objects in, 13 in Portuguese army, 231 

motion of, 16 in Spanish army, 231 

— range, commissioned oflBcers, 209 in Swiss army, 231 

— regulations in foreign armies, 227 
in Austrian army, 230 

in Belgian army, 231 War Oflfioe circular of September 1887, 

in Dutch army, 227 225 

in French army, 228 Weak vision, 166 
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Bentley. — A Text-Bookof Organic 
Materia Mbdica, Comprising a De- 
scription of the Vbgbtabls and Animal 
Drugs of the British Pharhacopceia, 
with some others in common nse. Ar- 
ranged Systematically and especially De- 
signed for Students. By RoBT. Bentley, 
M.R.C.S.Eng. F.L.S. With 62 lUus- 
trations. Crown 8vo. is. 6d. 

Boultbee. — A Commentary on the 
39 Articles of the Church of England. 
By the Rev. T. P. Boultbee, LL.D. 
Crown 8vo. dr. 

Bourne* — Works by John 
Bourne^ C.E. 

Catechism of the Steam Engine 
in its various Applications in the Arts, to 
which is now added a chapter on Air and 
Gas Engines, and another devoted to 
Uselul Rules, Tables, and Memoranda. 
Illustrated by 21 2 Woodcuts. Crovm 8vo. 
7s. dd. 

Handbook of the Steam Engine; 
a Key to the Author^s Catechism of the 
Steam Engine. With 67 Woodcuts. Fcp. 
8vo. 9x. 

Recent Improvements in the 
Steam Engine. With 124 Woodcuts. 
Fcp. 8vo. dr. 

Bowen. — Harroiv Songs and 
othbr Vbrsbs. By Edward E. 
Bowen. Fcp. 8vo. 2s, 6d.; or printed 
on hand -made paper, 5^. 

Brassey. — Works by Lady 
Brassey. 

A Voyage in the ^Sunbeam^ our 
Home on the Ocean hOR Eleven 
Months. 

Library Edition. With 8 Maps and 

Charts, and 118 Illustrations, 8 vo. 2 ix. 

Cabinet Edition. With Hap and 66 

Illustrations, crown 8vo. is, 6d, 
School Edition. With 37 Illustrations, 
fcp. 2s. doth, or 3^ . white parchment 
with gilt edges. 
Popular Edition. With 60 Illustrations, 
4to. 6d. sewed, is, cloth. 
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Brassey. — Works by Lady 

Brassey— continued. 

Sunshine and Storm in the East, 
Library Edition. With 2 Maps and 

114 Illustrations, 8vo. 2is, 
Cabinet Edition. With 2 Maps and 
114 Illostrations, crown 8vo. 7j. 6d, 
Popular Edition. With 103 Illustra- 
tions, 4to. td. sewed, is, cloth. 

In the Trades, the Tropics^ and 
the * Roaring Forties.^ 
Cabinet Edition. With Map and 220 

Illustrations, crown 8vo. 7x. 6d, 
Popular Edition. With 183 Illustra- 
tions, 4to. 6^. sewed, is. cloth. 

Three Voyages in the * Sunbeam.^ 
Popular Edition. With 346 Illustrations, 
4to. zs. 6d. 

Browne. — An Exposition of the 
39 Articles^ Hbtorical and Doctrinal. 
By E. H. Browne, D.D„ Bishop of 
Winchester. 8vo. idr. 

Bryant. — Educational Ends; or, 

the Ideal of Personal Development. By 
SoFHiE Bryant, D.Sc.Lond. Crown 
8vo. 6j. 

Buckle. — Works BY HenryThomas 
Buckle. 

History OF Civilisation in Eng- 
land AND France, Spain and Scot- 
land. 3 vols, crown 8vo. 241. 

Miscellaneous and Posthumous 
Works. -A New and Abridged Edition. 
Edited by Grant Allen. 2 vols, crown 
8vo. 2is. 

Buckton. — Works by Mrs. C. M. 

BUCKTON. 

Food and Home Cookery. With 
II Woodcuts. Crown 8vo. 2j. 6</. 

Health in the House. With 41 
Woodcuts and Diagrams. Crown 8vo. 2J. 

Our Dwellings. With 39 Illustra- 
tions. Crown 8vo. 3j. dd. 

Bull. — Works by Thomas Bull^ 

M.D. 

Hints to Mothers on the Man- 
agement of their Health during the 
Period of Pregnancy and in the Lying-in 
Room. Fcp. 8vo. is. td. 

The Maternal Management of 
Children in Health and Disease. 
Fcp. 8yo. is, 6d, 



Bullinger. — A Critical LEXicotr 
and Concordance to the English 
and Greek New Testament. To- 
gether with an Index of Greek Words 
and several Appendices. By the Rev. 
E. W. BuLUNGER, D.D. Royal 8vo. 15 j. 

Burrows, — The Family of Brocas 
of Beaurbpairb and Roche Court^ 
Hereditary Masters of the Royal Buck- 
hounds. With some account of the English 
Rule in Aquitaine. By Montagu 
Burrows, M.A. F.S.A. With 26 
Illustrations of Monuments, Brasses, 
Seals, &c. Royal 8vo. 4Zr. 

Cabinet Lawyer, TTie; a Popular 

Digest of the Laws of England, Civil, 
Criminal,and Constitutional. Fcp.8vo.9f. 

Canning. — Some Official Corres- 
pondence of George Canning. Edi- 
ted, with Notes, by Edward J. 
Stapleton. 2 vols. 8vo. 28j. 

Carlyle* — Thomas and Jane 
Welsh Carlyle. 

Thomas Carlyle^ a History of the 
first Forty Years of his Life, 1795-1835. 
By J. A. Froude, M.A. With 2 Por- 
traits and 4 Illustrations, 2 vols. 8vo. 32/. 

Thomas Carlyle^ a History of his 
Life in London : from 1834 to nis death 
in 1 881. By J. A. Froude, M.A. 2 vols. 
8vo. 32J. 

Letters and Memorials of Iane 
Welsh Carlyle. Prepared for pub- 
lication by Thomas Carlyle, and edited 
by J. A. Froude, M.A. 3 vols. 8vo. 361. 

Gates. — A Dictionary of 
General Biography. Fourth Edition, 
with Supplement brought down to the 
end of 1884. By W. L. R. Cates. 8vo. 
2&S. cloth ; 35^. half-bound russia. 

Clerk. — The Gas Engine. By 
DuGALD Clerk. With loi Illustrations 
and Diagrams. Crown 8vo. 7^. 6d, 

Clodd. — The Story of Creation: 
a Plain Account of Evolution. By 
Edward Clodd, Author of * The Child- 
hood of the World ' &c With 77 Illus- 
trations. Crown 8vo. 6s. 

Coats. — A Manual of Pathology. 
By Joseph Coats, M.D. Pathologist 
to the Western Infirmary and the Sick 
Children's Hospital, Glasgow. With 339 
Illustrations engraved on Wood. 8vo. ' 
Zis. 6d, I 
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Colcnso.— 27^^ Pentateuch and 
Book of Joshua Critically EX' 
aminbd, by j. w, colenso, d.d. 
late Bishop of Natal. Crown 8vo. dr. 

Com]^. — Atherstone Priory: a 
Tale. By L. N. Comyn. Crown 8vo. 

Conden — A Handbook to the 
Bible, or Guide to the Study of the Holy 
Scriptures derived from Ancient Monu- 
ments and Modem Exploration. By F. 
R. CONDER, and Lieut. C. R. Condee, 
R.E. Post 8vo. 7 J. 6d. 

Conington. — Worics by John 

CONINGTON, M.A. 

The jEneid of Virgil, Trans- 
lated into English Verse. Crown 8vo. 9j. 

The Poems of Virgil, Translated 
into English Prose. Crown 8vo. 91. 

Conybeare & Howson. — The 

Life and Epistles of St. Pa ul. 
By the Rev. W. J. Conybeare, M.A. 
and the Very Rev. J. S. Howson, D.D. 
Library Edition, with Maps, Plates, and 
Woodcuts, a vols, square crown 8vo. 

21S, 

Student's Edition, revised and condensed, 
with 46 Illustrations and Maps. I vol. 
crown 8vo. 7^. 6d, 

Cooke. — Tablets of Anatomy, 
By Thomas Cooke, F.R.C.S. Eng. 
B.A. B.Sc. M.D, Paris. Fourth Edition, 
being a selection of the Tablets believed 
to be most useful to Students generally. 
Post 4to. ^s, 6d, 

Cox. — The First Century of 
\ Christianity. ByHoMERSHAM Cox, 

M.A. 8vo. I2J. 

i Cox.— -^ General History of 
' Greece: from the Earliest Period to the 

Death of Alexander the Great ; with a 
Sketch of the History to the Present 
Time. By the Rev. Sir G. W. Cox, 
Bart, M.A. With 11 Maps and Plans. 
Crown 8vo. ^s, 6d, 

»^» For other Works by Sir G. Cox, 
see * Epochs of History,' p. 24. 

Creighton. — History of the 
Papacy During the Reformation, 
By the Rev. M. Creighton, M.A. 
8vo. Vols. I. and H. 1378-1464, 32J» ; 
Vols. III. and IV. 1464-1518, 24J. 



Crookes. — Select Methods in 
Chemical Analysis (chiefly Inorganic). 
By William Crookes, F.R.S. V.P.C.S. 
With 37 Illustrations. 8vo. 24r. 

Crozier. — Civilization and Pro- 
gress. By John Beattie Crozier. 
New and Cheaper Edition. 8vo. $s. 

Crump. — A Short Enquiry into 
THE Formation ofPoutical Opinion, 
from the Reign of the Great Families to 
the Advent of Democracy. By Arthur 
Crump. 8vo. •js, 6d, 

CuUey. — Handbook of Practical 
Telegraphy, By R. S. Culley, 
M. Inst. C.E. Plates and WoodcuU. 
8vo. I dr. 

Dante. — The Divine Comedy of 
Dante Aughieri, Translated verse for 
verse from the Original into Terza Rima. 
By James Innes Minchin. Crown 
8vo. 1 5 J. 

Davidson. — An Introduction to 
THE Study of the New Testament, 
Critical, Ex^etical, and Theological. 
By the Rev. S. Davi]5son, D.D. LL.D. 
Revised Edition. 2 vols. 8vo. 3Qr. 

Davidson. — Works by William 
Z. Davidson, M.A, 

The Logic of Definition Ex* 
plained and Applied, Crown 8vo. dr. 

Leading and Important English 
Words Explained and Exempufisd, 
Fcp. 8vo. 3J. 6d. 

Decaisne & Le Maout — A 

General System of Botany, Trans- 
kited from the French of E. Le Maout, 
M.D., and J. Decaisne, b^ Mrs. 
Hooker ; with Additions by Sir J. D. 
Hooker, C.B. F.R.S. Imp. 8vo. with 
5,500 Woodcuts, 31J. 6d, 

De Salis. — Works by Mrs, De 
Salis. 

Savouries Ji la Mode, Fcp. 8vo. 
IS. boards. 

Entries A la Mode. Fcp. 8vo. 
U. 6d. boards. 

Soups and Dressed Pish A la 
Mode. Fcp. 8vo. is. 6d. boards. 

Oysters a la Mode. Fcp. 8vo. 
IS. 6d. boards. 

SlVEETS AND SuPPER DiSHES i LA 
Mode. Fcp. 8vo. is, 6d. boards. 
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De Tocqueville. — Democracy in 
AtiBRicA. By Alexis de Tocque- 
ville. Translated by Henry Reeve, 
C.B. z vols, crown 8vo. i6^. 

Dickinson. — On Renal and 
Urinary ApPBcnoNS, By W. Howsh ip 
Dickinson, M.D. Cantab. F.R.C.P.&C. 
With 12 Plates and 122 Woodcuts. 3 
vols. 8vo. £^, 4J. 6d, 

Dixon.— jR URAL Bird Life; Essays 
on Ornithology^ with Instructions for 
Preserving Objects relating to that 
Science. By Charles Dixon. With 
45 Woodcuts. Crown 8vo. 5x. 



Dove. — Domesday Studies: being 

the Papers read at the Meetings of the 
Domesday Commemoration 1886. With 
a Bibliography of Domesday Book and 
Accounts of the MSS. and Printed Books 
exhibited at the Public Record Office and 
at the British Museum. Edited by P. 
Edward Dove, of lincohi's Inn, Bar- 
rister-at-Law, Honorary Secretary of the 
Domesday Commemoration Committee. 
Vol. I. 4to. i8j.; Vol. II. 4to. i8j. 

Dowell. — A History of Taxation 
AND Taxes in England from the 
Earubst Timss to thb Ysar 1885. 
By Stephen Dowxll, Assistant Solici- 
tor of Inland Revenue. Second Edition, 
Revised and Altered. (4 vols. 8vo.) 
Vols. I. and II. The History of Taxation, 
2is. Vols. III. and IV, The History of 
Taxes, 2ix. 

Doylc— 7!^^ Official Baronage 
OF England. By James E. Doyle, 
Showing the Succession, Dignities, and 
Offices of every Peer from 1066 to 1885, 
Vols. I. to III. With 1,600 Portraits, 
Shields of Arms, Autographs, &c. 3 vols, 
4to, £5- S^. 
Large-paper Edition, 3 vols. ;^I5. 15J. 



Doyle. — Works by 
Fellow of All Souls Coll 
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Oxford. 



The English in America: Vir- 
GiNiA, Maryland, and thb Carolinas. 
8vo. i8j. 

The English in America: The 
Puritan Colonies, 2 vols. 8vo. 36/. 



Dublin University Press Series 

(The) : a Series of Works undertaken 
by the Provost and Senior Fellows of 
Trinity College, Dublin. 
Abbott's (T. K.) Codex Rescriptus Dublin- 
ensisof St Matthew. 4to. 2IJ. 

- Evangeliorum Versio Ante- 



hieronymiana ex CodiceUsseriano (Dnblin- 

ensi). 2 vols, crown 8vo. 2is, 
Bumside (W. S.) and Panton's (A. W.) 

Theory of Equatioits. 8vo. xzr. 6d* 
Casey's (John) Sequel to Euclid's Elements. 

Crown 8vo. 3r. &/. 
— — »i^— Analytical Geometry of the 

Conic Sections. Crown 8vo. 7x. 6d. 
Davies's (J. F.) Eumenides of .^schylus. 

With Metrical English Translation. 8vo. 

Dublm Translations into Greek and Latin 

Verse. Edited by R. Y. TyrreD. 8vo. 
I2S, td, 
Graves's (R. P.) Life of Sir William 

Hamilton. (3 vols.) Vols. I. and II. 

8vo. each 15X. 
Griffin (R. W.) on Parabola, Ellipse, and 

Hyperbola, treated Geometrically. Crown 

8vo. 6j. 
Haughton's (Dr. S.) Lectures on Physical 

Geography. 8vo. 151. 
Hobart's (W. K.) Medical Language of St. 

Luke. 8vo. i6j. 
Leslie's (T. E. Cliffe) Essays in Political 

and Moral Philosophy. 8vo. lOJ. 6^. 
Macalister's (A. ) Zoology and Morphology 

of Vertebrata. 8vo. \os, 6d, 
MacCullagh's (James) Mathematical and 

other Tracts. 8vo. 15J. 
Mapiire's (T.) Parmenides of Plato, Greek 

Text with English Introduction, Aiialysis, 

and Notes. 8vo. *js, 6d, 
Monck's (W. H. S.) Introduction to Logic 

Crown 8vo. $s. 
Purser's (J. M.) Manual of Histology. Fcp. 

8vo. 5J. 
Roberts's (R. A.) Examples in the Analytic 

Geometry of Plane Curves. Fcp. 8vo. 5j. 
Southey's (R. ) Correspondence with Caroline 

Bowles. Edited by E.Dowden. 8vo. I4r. 
Thomhill's (W. J.) The ^Eneid of Viigil, 

freely translated into Engli^ Bbmk 

Verse. Crown 8vo. Js, 6d, 
Tyrrell's (R. Y.) Cicero's Correspondence. 

Vols. I. and II. 8vo. each 12s. 
The Achamians of Aristo- 
phanes, translated into English Verse. 

Crown 8vo. 2s, 6d. 
Webb's (T. E.) Goethe's Faust, Transla- 
tion and Notes. 8vo. 12s, 6d. 
The Veil of Isis : a Series 

of Essays on Idealism. 8vo. lor. 6d, 
Wilkins's (G.) The Growth of the Homeric 

Poems. 8vo, 6f. 
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Edersheim* — Works by the Rsy. 
Alfred' Edersheim^ D,D. 

The Life and Times of Jesus 
thb Mbssiah, 2 vols. 8vo. 24J, 

Prophecy and History in rela* 
TION TO thb Messiah: the Warburton 
Lectares, deUvered at Lincoln's Inn 
Chapel, 1880-18S4. Svo. 12s. 

EUicott — Works by C. y. 

EllicOTT^ D.D, Bishop of Gloucester 
and Bristol. 

A Critical and Grammatical 

COMMSNTARYON ST. FAULTS EPISTLSS, 

8vo. 
I. Corinthians. i6s. 
Galatians. 8j. 6d, 
Ephssians. &. 6(/. 
Pastoral Epistles, los, 6tL 
PHiuppiANSyCoLOssiANs, and Philemon. 

lOf. 6d, 
Thbssalonians. ^s, 6d. 

Historical Lectures on the Life 
OF Our Lord Jbsus Christ. 8vo. 12s. 

English Worthies. Edited by Ax- 

DREW Lang» M.A. Fcp. Svo. 2S. td. 

each. 
Darwin. By Grant Allen. 
Marlborough. By G. Saintsbury. 
Shaftesbury {ITie First Earl). By 

H. D. Traill. 
Admiral Blake. By David 

Hannay. 
Raleigh. By Edmund Gosse. 
Steele. By Austin Dobson. 
Ben foNsoN. By J. A. Symonds. 
Canning. By Frank H. Hill. 
Claverhouse. By Mowbray 

Morris. 

Epochs of Ancient History. 

10 vols. fcp. Svo. 2J. 6d. each. See p. 24. 

Epochs of Church History. 8 vols. 

fcp. Svo. 2s. 6d. each. See p. 24. 

Epochs of Modem History. 

18 vols. fcp. Svo. 2r. 6d. each. See p. 24. 

BxichsitVL.-— Works by John Eric 
Erichsen, ER.S. 
The Science and Art of Sur- 
gery: Bemg a Treatise on Surgical In- 
juries, Diseases, and Operations. With 
984 Illustrations. 2 vols. Svo. 42s. 
On Concussion of the Spine^ Ner- 
vous Shocks, and other Obscure Injuries 
of the Nervous System. Cr. Svo. lor. Od. 



Ewald. — Works by Professor 
Heinrich Ewald^ of Gottingen. 

The Antiquities of Israel. 
Translated from the German by H. S, 
Solly, M.A. Svo. izr. 6^. 

The History of Israel. Trans- 
lated from the German. 8 vols. Svo. 
Vols. I. and II. 24J. Vols. III. and 
IV. 2IJ. Vol. V. i8j. Vol. VI. idr. 
Vol. VII. 2,\s. Vol. VIII. with Index 
to the Complete Work. iSr. 

Fairbaim. — Works by Sir W. 
Fairbairn^ Bart. CE. , 

A TREATISE ON Mills AND Mill- 
work, with 18 Plates and 333 Woodcutii 
I vol. Svo. 25^. 

Useful Information for Engi* 
NBBRS. With many Plates and Wood- 
cuts. 3 vols, crown Svo. 3IX. M 

Farrar. — Language and Lan* 

guages. a Revised Edition of Chapters 
<m Language and Families of Speech, By 
F. W. FARRAR, D.D. Crown Svo. 6j. 

Firbank. — The Life and Work of 
Joseph Firbank^ J.P. D.JL Rail- 
way Contractor. By Frederick 
McDermott, Barrister-at-Law. Svo. 51. 

Fit zwygra m. — Horses and 
Stables. By Major-General Sir F. 
Fitzwygram, Bart. With 19 pages of 
lUnstrations. Svo. 5^ . 

Forbes. — A Course of Lectures 
on Electricity^ delivered before the 
Society of Arts. By George Forbes, 
M.A. F.R.S. (L. & E.) With 17 lUus- 
trations. Crown Svo. 5x. 

Ford. — The Theory and Practice 
of Archery. By the kte Horace 
Ford. New Edition, thoroughly Revised 
and Re-written by W. Butt, M.A. With 
a Preface by C. J. Longman, M.A. 
F.S.A. Svo. I4f. 

Fox. — The Early History of 
Charles Jambs Fox. By the Right 
Hon. Sir G. O. Trevelyan, Bart. 

Library Edition, Svo. iSj. 

Cabinet Edition, cr. Svo. 6s, 

Francis. — A Book on Angling; 

or. Treatise on the Art of Fishing in every 
branch; including full Illustrated Lists 
of Salmon Flies. By Francis Francis. 
Post Svo. Portrait and Plates, 15J. 
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Freeman.— 7>/^ Historical Geo- 
GRAPHY OF EuROPS. By £. A. Free- 
man, D.C.L. With 65 Mapt. 2 vols. 
8vo. 31/. 61L 

Froude. — Works by /ames A. 
Frovdb^ M.A. 

The History of England^ from 
the Fall of WoUey to the Defeat of the 
Spanish Annada. 

Cabinet Edition, I3 toIs. or. 8vo. £%» I2x. 
Popular Edition, 12 vols. cr. 8vo. £%. 2/. 

Short Studies oir Great Sub- 
yscTS. 4 vols, crown 8vo. 24J. 

Cmsar : a Sketch. Crown Svo. 6x. 

The English in Ireland in the 
Eighteenth Century, 3 vols, crown 
8vo. i8r. 

Oceana; or^ England and Her 
Colonies. With 9 Illnstrations. Crown 
8vo. 2x. boards, 2r. 6d* doth. 

The English in the West Indies; 
0R9 THE Bow of Ulysses, With 9 
Illustrations. 8vo. iSf. 

Thomas Carlyle^ a History of the 
firrt Foity Years of his Lile, 1795 to 
1835. 2 vols. 8vo. 32J. 

Thomas Carlyle^ a History of His 
Life in London from 1834 to his death in 
1881. With Portrait engraved on steeL 
a vols. 8vo. 321. 

Galloway. — The Fundamental 
FrinciplbsofChbmistry Practically 
Taught by a Nbw Method, By 
Robert Galloway, M.R.LA. F.C.S. 
Crown Svo. 6; . 6^. 

Ganot. — Works by Professor 
Ganot, Translated by £. Atkinson, 
Ph.D. F.C.S. 

Elementary Treatise on Phy* 
Sics» With 5 Coloured Plates and 923 
Woodcuts. Crown Svo. 15^. 

Natural Philosophy for Gene* 
ral Rsadbrs and Young Persons, 
With 2 Plates, 518 Woodcuts, and an 
Appendix of Questions. Cr. Svo. 7^. 6^. 

Gardiner. — Works by Samuel 
Rawson Gardiner^ LL.D, 

History of England^ from the 
Accession of James I. to the Outbreak of 
the Civil War, 1603^1642. Cabinet 
Edition, thoroughly revised. 10 vols, 
crown Svo. price dr. each. 

A History of the Great Civil 
War^ 1642-1649. (3 vols.) Vol. \, 
1642-1644. With 24 Maps. Svo. 2ix. 
[Continued ahave. 



Gardiner. — Works by S. R, Gar^ 

DINER^ LL,D, — continued. 
Outline of English History^ 
B.C. 55-A.D. 1886. With 96 Woodcuts, 

fcp. Svo. 2J. 6^. 

V ^or other Works, su 'Epochs of 
Modem History,' p. 24. 

Garrod.— ^oj?^'^ by Sir Alfred 

Baring Garrod, M,D. RR.S. 
A Treatise on Gout and Rheu^ 
ma tic Gout (Rheum a toid Arthritis^ 
With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations en- 
graved on Wood. Svo. 21/. 
The Essentials of Materia 
Mrdica and Therapeutics, New 
Edition, revised and adapted to the New 
Edition of the British Pharmacopoeia, 
by NssTOR TiRARD, M.D. Crown Svo. 
\2s, 6d, 

Gilkes. — Boys AND Af ASTERS :B.Stciry 

of School Life. By A. H. GiLKKS, M. A. 
Head Master of Dulwich College. Crown 
Svo. 3^. 6d, 

Goethe. — Faust, A New Translation, 
chiefly in Blank Verse ; with Introduc- 
tion and Notes. By James Adsy B1RD69 
B.A. F.G.S. Crown Svo. \2s, 6d, 

JFaust, The German Text, with an 
English Introduction and Notes for Stu- 
dents. By Albert M. Selss, M.A. 
Ph.D. Crown Svo. 51. 

Goodeve. — Works by T M, Good* 
EVE^ M,A, 

Principles of Mechanics, With 
253 Woodcuts. Crown Sva dr. 

The Elements of Mechanism* 
With 342 Woodcuts. Crown Svo. 6s, 

A Manual of Mechanics : an 
Elementary Text-Book for Students of 
Applied Mechanics. With 13S Illustra- 
tions and Diagrams, and 141 Examples. 
Fcp. Svo. 2s, 6d, 

Grant — The Ethics of Aristotle. 
The Greek Text illustrated by Essays 
and Notes. By Sir Alexander GSlant, 
Bart. LL.D. D,C.L. &c 2 vols. 
Svo. 32J. 

Gray. — Anatomy^ Descriptive 
and Surgical, By Henry Gray, 
F.R.S. late Lecturer on Anatomy at 
St. George's Hospital. With 569 Wood- 
cut Illustrations, a large number of 
which are coloured. Re-edited by T. 
Pickering Pick, Surgeon to St. Geoige's 
Hospital. Royal Svo. 36/. 
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Green. — The Works op Thomas 
Hill Grben, late Fellow of Balliol 
College, and Wliyte*s Professor of Moral 
Philosophy in the University of Oxford. 
Edited by R. L. Nettleship, Fellow 
of Balliol Collie, Oxford (3 vols.) 
Vols. I. and II, — Philosophical Works. 
8vo. its, each. 

Greville. — A Journal of the 
Rbigns op King Gborgb IV. King 

WiLUAU IV. AND QUBEN VICTORIA. 

By the late Charles C. F. Greville, 
Esq. Clerk* of the Council to those Sove- 
reigns. Edited by Henry Reeve, C.B. 
. D.C.L. Corresponding Member of the 
Institute of France. 8 vols. Crown 8vo. 
df. each. {In course of Publicatian in 
Monthly Volumes.) 

Grove. — The Correla tion of 
Physical Forces, By the Hon. Sir 
W. R. Grove, F.R.S. &c. 8vo. 15J, 

Gwilt. — An Encyclopaedia op 
Architecture. By Joseph Gwilt, 
F.S.A. Illustrated with more than 1,100 
Engravings on Wood. Revised, with 
Alterations and Considerable Additions, 
by Wyatt Papworth. 8vo. 52/. 6d, 

Haggard. — Works by H. Rider 
Haggard, 

She : A History of Adventure. 
Crown 8vo, df. 

Allan Quatermain. With 31 Illus- 
trations by C. H. M. Kerr. Crown 
8vo. 6f. 

HalliweH-PhilHpps.— Or^rz/A^^^/? 

THE Life op Shakespeare. By J, O. 
Halliwell-Phillipps, F.R.S. 2 vols. 
Royal 8vo. lOf. 6d, 

Harte. — Novels by Bret Harte. 

In the Carquinez Woods, Fcp. 
8vo. IX. boards ; \s, 6d. cloth. 

On the Frontier, Three Stories. 
l6mo. IX. 

By Shore and Sedge, Three 
Stories. i6mo. is, 

HBXtvAg.'-'WoRKS BY Dr. G. 
Hartwig, 

The Sea and its Living Wonders, 

With 12 Plates and 303 Woodcuts. 8vo. 

lor. 6^. 
The Tropical World, With 8 Plates, 

and 172 Woodcuts. 8vo. lor. 6d, 
The Polar World. With 3 Maps, 

8 Plates, and 85 Woodcuts. 8vo. lor. 6d, 
[Continued qb^e. 



Hartwig. — Works by Dr. G. 

Hartwig. — eonHmud. 

T^E Subterranean World, With 

3 Maps and 80 Woodcuts. 8vo. lox. 6d. 

The Aerial World. With Map, 

8 Plates, and 60 Woodcuts. 8vo. lor. 6d, 

The following books are extracted from the 
foregoing works by Dr. Hartwig : — 

Heroes of the Arctic Begions. 
With 19 Illustrations. Crown 8vo. 2s. 
cloth extra, gilt edges. 

Wonders OF the Tropical Forests. 
With 40 Illustrations. Crown 8vo. 2s, 
cloth extra, gilt edges. 

Workers Under the Ground; 
ox. Mines and Mining. With 29 Illus- 
trations. Crown 8vo. 2s. cloth extm, gilt 
edges. 

Marvels Over Our Heads. With 
29 Illustrations. Crown 8vo. 2x, doth 
extra, gilt edges. 

Marvels Under Our Feet. With 
22 Illustrations. Crown 8vo. 2s. cloth 
extra, gilt edges. 

Dwellers in the Arctic Begions. 

With 29 Illustrations. Crown 8vo. 2s, 6d. 

cloth extra, gilt edges. 
Winged Life in the Jropics. 

With 55 Illustrations. Crown 8vo. 2x. 6d. 

cloth extra, gilt edges. 

Volcanoes and Barthquakes. 
With 30 Illustrations. Crown 8vo. 2s, 6d, 
cloth extra, gilt edges. 

Wild Animals of the Tropics, 
With 66 Illustrations. Crown 8vo. 3x. 6<f. 
cloth extra, gilt edges. 

Sea Monsters and Sea Birds, 
With 75 Illustrations. Crown 8vo. 2s. 6d, 
cloth extra, gilt edges. 

Denizens of the Deep. With 
117 Illustrations. Crown 8vo. 2s,6d. cloth 
extra, gilt edges. 

Hb3S311.—The Inhalation Treat* 
MENT OP Diseases op the Organs op 
Respiration^ including Consumption. 
By Arthur Hill Hassall, M.D. 
With 19 Illustrations of Apparatus. Cr. 
8va I2X. 6dr. 

Hayelock. — Memoirs of Sir 
Henry Havelock, K.C.B. By John 
Clark Marshman. Crown 8vo. y, 6d, 

Heam. — 2We Government of Eng- 
land; its Structure and its Development. 
By William Edward Hearn, Q.C, 
8vo. idr, 
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tielmholtz. — lVoRjcs by Pro- 

FESSOR HeLMHOLTZ. 

On the Sensations of Tone as a 
Physiological Basis for thb Thbory 
of Music. Royal 8vo. 2&r. 

Popular Lectures on Scientific 
SusyBCTS. With 68 Woodcuts. 2 vols. 
Crown 8va ly. or separately, 7j« 6^ each. 

Herschel. — Outlines of Astro- 
NOBiY, By Sir J. F. W. Herschel, 
Bart M.A. With Plates and Diagrams. 
Square crown 8vo. I2J. 

Hester's Venture: a Novel. By 

the Author of * The Atelier du Lys.' 
Crown 8vo. 2J. 6d, 

Hewitt — The Diagnosis and 
Treatment of Diseases of Women^ 
including thb Diagnosis of Preg- 
nancy, By Graily Hewitt, M.D, 
With 211 Engravings. 8vo. 24r« 

Historic Towns. Edited by E. A. 
Freeman, D.C.L. and Rev. William 
Hunt, M.A. With Maps and Plans. 
Crown 8vo. 3J. 6d, each. 

London, By W. E. Loftie. 
Exeter, By E. A. Freeman. 
Bristol, By W. Hunt. 
Oxford, By C. W. Boase. 
%* Other Volumes are in preparation. 

Hobart. — Sketches from My Life, 
By Admiral Hobart Pasha. With 
Portrait. Crown 8vo. Js. 6a, 

Holmes. — A System of Surgery^ 
Theoretical and Practical, in Treatises by 
various Authors. Edited by Timothy 
Holmes, M.A. and J. W. Hulke, 
F.R.S. 3 vols, royal 8vo. £4' 4^« 

Homer. — The Iliad of Homer^ 

Homometrically translated by C B. Cay- 
LEY. 8vo. I2J. 6d. 

The Iliad of Homer, The Greek 
Text, with a Verse Translalion, by W. C. 
Green, M.A. Vol. I. Books I.-XII. 
Crown 8vo. dr. 

Hopkins. — Christ the Consoler; 
a Book of Comfort for the Sick. By 
Ellice Hopkins. Fcp. 8vo. zs, 6d, 

Howitt. — Visits to Remarkable 
Places, Old Halls, Battle-Fields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By William 
Howitt. With 8o Illustrations engraved 
on Wood. Crown 8vo, 5^. 



Hudson & Gosse.—THE Rotipera, 
OR ^ Wheel- Animalcules,'' ByC. T. 
Hudson, LL.D. and P. H. Gosse, 
F.R.S. With 30 Coloured Plates. In 6 
Parts. 4to. loir. td, each. Complete in 
2 vols. 4to. £^ \Qs, 

Hullali. — Works by John Hul- 
LAH^ LL.D. 

Course of Lectures on the His- 
tory OF Modern Music, 8vo. 8^. 6d, 

Course of Lecturss on the Tran- 
sition Period of Musical History, 
8vo. iQf. 6iL 

Hume. — T^ePhilosophical Works 
OF David Hume, Edited by T. H. 
Green, M.A. and the Rev. T. H. 
Grose, M.A. 4 vols. 8vo. 5df. Or 
separately. Essays, 2 vols. 28f. Treatise 
of Human Nature. 2 vols. 2&. 

Huth. — The Marriage of Near 
KlNf considered with respect to the Law 
of Nations, the Result of Experience, 
and the Teachings of Biology. By 
Alfred H. Huth. Royal 8vo. 2ix. 

In the Olden Time: a Tale of 

the Peasant War in Germany. By the 
Author of 'Mademoiselle Mori.' Crown 
8vo. 2s, 6d, 

Ingelbw. — Works by Jean Inge- 
low, 

Poetical Works. Vok. i and 2 
Fcp. 8vo. 12S, 

Lyrical and Other Poems, Se- 
lected from the Writings of Jean 
Ingblow. Fcp. 8vo. 2s. 6d. dothplain ; 
3^. cloth gilt 

Jaclcson. — Aid to Engineering 
Solution, By Lowis D'A. Jackson, 
C.E. With III Diagrams and 5 Wood- 
cut Illustrations. 8vo. 21s, 

Jame^^THE Long White Moun- 
tain; or, a Journey in Manchuria, with 
an Account of the History, Administra- 
tion, and Religion of that Province. By 
H. E. James, of Her Majesty's Bombay 
Civil Service. With Illustrations and a 
Map. z vol. 8vo. 24r. 

Jameson. — Works by Mrs Jame- 
son, 
Legends of the Saints and Mar- 
tyrs. With 19 Etchings and 187 Wood- 
cuts. 2 vols. 3 IX. &/. 

Legends of the Madonna^ the 
Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts, i vol. 21s, 

[Continued on next page. 
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Jameson. — Works by Mrs. Jame- 
son— conHnued, 

Legends OF THE Monastic Orders, 
With II Etchings and 88 Woodcuts. 
I vol. 2 1 J. 

HisTOR Y OF THE Sa viour^ His Types 
and Precursors. Completed by Lady 
£astlak£. With 13 Etchings and 281 
Woodcuts. 2 vols. 42^. 

Jeans, — Works by J, S, Jeans. 

England^ s Supremacy: its Sources, 
Economics, and Dangers. 8vo. 8j. 6d, 

Railway Problems: An Inquiry 
into the Economic Conditions of Rail- 
way Working in Different Countries. 
8vo. I2J. (id. 

Jenkin. — Papers^ Literary^ 
Scientific^ &>c. By the late Fleeming 
Jenkin, F.R.S.S. L. & E. Professor of 
Engineering in the University of Edin- 
buigh. Edited by Sidney Colvin, M. A. 
and J. A. Ewing, F.R.S. With Memoir 
by Robert Louis Stevenson, and 
Facsimiles of Drawings by Fleeming 
Jenkin. 2 vols, 8vo. 32J. . 

iohnsoVL— The Patentee's Man- 
ual ; a Treatise on the Law and Practice 
of Letters Patent. By J. Johnson and 
J. H. Johnson. 8vo. los, 6d, 

Johnston.— -*4 General Diction- 
ary OF Geography, Descriptive, Physi- 
cal, Statistical, and Historical ; a com- 
plete Gazetteer of the World. By Keith 
Johnston. Medium 8vo. 42J. 

Johnstone.—-/^ Short Introduce 
tion to the Study of Logic. By 
Laurence Johnstone. Crown 8vo, 
2s. (yd. 

Jordan. — Works by William 

LeIGHTON JORDANy KR.G.S. 

The Ocean: a Treatise on Ocean 
Currents and Tides and their Causes. 
8vo. 2is. 

The New Principles of Natural 
Philosophy. With 13 plates. 8vo. 21J. 

The Winds : an Essay in Illustration 
of the New Principles of Natural Philo- 
sophy. Crown 8vo. 2s. 

The Standard of Value. Crown 
8vo. 5J. 



Jukes. — Works by Andrew Jukes. 

The New Man and the Eternal 
Life. Crown 8vo. 6s. 

The Types of Genesis. Crown 
8vo. 7j. 6d. 

The Second Death and the Re- 
stitution of all Things. Crown 8vo. 
Zs.ed. 

The Mystery of the Kingdom. 
Crown 8vo, 2s. 6d. 

Justinian. — The Institutes of 
Justinian; Latin Text, chiefly that of 
Huschke, with English Introduction, 
Translation, Notes, and Summary. By 
Thomas C. Sandars, M.A. 8vo. i8j. 

Kalisch. — Works by M. M. 

KALISCHy M.A. 

Bible Studies. Part I. The Pro- 
phecies of Balaam. 8vo. lor. 6d. Part 
II. The Book of Jonah. 8vo. los. 6d, 

Commentary on the Old Testa- 
ment; with a New Translation. Vol. I. 
Genesis, 8vo. iSs, or adapted for the 
General Reader, 12s. Vol. 11. Exodus, 
15^. or adapted for the General Reader, 
I2J. Vol. III. Leviticus, Part I. i^s. or 
adapted for the General Reader, &r. 
Vol. IV. Leviticus, Part II. 15J. or 
adapted for the General Reader, 8j. 

Hebrew Grammar. With Exer- 
cises. Part I. 8vo. I2j. (>d. Key, 5x. 
Part II. \2s. dd. 

Kant. — Works byEmmanuelKant. 
Critique of Practical Reason. 
Translated by Thomas Kingsmill Abbott, 
B.D. 8vo. I2J. 6</. 

Introduction to LociCy and his 
Essay on the Mistaken Subtilty 
of the Four Figures. Translated by 
Thomas Kingsmill Abbott, B.D. With 
a few Notes by S. T. Coleridge. Svo, dr. 

Kendall. — Works by May Ken* 

DALL. 

From a Garret. Crown Svo. 6j. 

Dreams to Sell; Poems. Fcp* 
8vo. 6j. 

Killick. — Handbook to Mill^s 
System of Logic. By the Rev. A. H» 
Killick, M.A. Crown 8vo. 31. 6</. 

Kirkup« — An Inquiry into Social- 
ism. By Thomas Kirkup, Author of 
the Article on * Socialism " in the * Ency- 
clopccdia Britannica.* Crown 8vo. 5j. 

Knowledge Library. (&^ Proctor's 

Works, p. 17.) 
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Kolbe.— ^ Short Text-book of 
Inorganic Chbmistry. By Dr. Hbe- 
MANN KoLBB. Translated from the 
German by T. S. Humpidgi, Ph.D. 
With a Coloured Table of Spectra and 
66 lUnstrations. Crown 8vo. is* ^* 

ljgj^±— Elements of Physiolo- 
gical Psychology: a Treatise of the 
Activities and Nature of the Mind froni 
the Physical and Experimental Point of 
View. By George T. Ladd. With 113 
Illustrations and Diagrams. 8vo. 2is, 

Ij^Xi'g.— Works by Andrew Lang. 

MyTH^ RiTUALy AND RELIGION. 2 

vols, crown 8vo. 21s. 
Custom AND Myth; Studies of Early 

Usage and Belief. With 15 Illustrations. 

Crown 8vo. 7^ . 6<i 
Letters to Dead Authors. Fcp. 

8vo. dr. 6^. 
Books and Bookmeh. With a 

Coloured Plates and 17 Illustrations. Cr. 

8vo. 6f. td. 
ToHNNY Nut and the Golden 

Goose. Done into Englbh by Andrew 

Lang, from the French of Charles 

Dbulin. Illustrated by Am. Lynen. 

Royal 8vo. lOf. 6</. gilt edges. 
Ballads of Books. Edited by 

Andrew Lang. Fcp. 8vo. 6s, 

\jax&tn.^ELECTRiciTY for Public 
Schools and Colleges. With nu- 
merous Questions and Examples with 
Answers, and 214 lUustraUons and Dia- 
grams. By W. Larden, M.A. Crown 
Ivo. 6x. 

\j^}X^\Mi.— Studies in Naval 
History; Biographies. ^jj* ^• 
Laughton, M.A. Professor of Modem 
History at King*s College, London. 
8vo. lor. 6^. 

"LtX^ — WoRKSBY W.E.H.Lecky. 
History of England in the 

Eightbbnth Century. 8vo. Vols. 

I. & II. 1700-1760. 36X. Vols. IIL 

&IV, 1 760-1 784. 36/. V0IS.V. &VL 

1784-1793. 36^- 
TheHistor yof European Morals 

FROM Augustus to Charlemagne. 

2 vols, crown 8vo. x6x. 
History OF the Rise and Influ- 

SNCE OF THE SPIRIT OF RaTIONAUSM 

IN Europe. 2 vols, crown 8vo. i6s. 
l^ewes.— The History of Philo- 

SOPHYf from Thales to Comte. By 
George Henry Lewes. 2 vo1s« 8vo. 32x. 



lAnAt— Picturesque Neut Guinea. 

By J. W. LiNDT, F.R.G.S. With 50 
Full-page Photographic Illustrations re- 
produced by the Autotype Company. 
Crown 4to. 421. 

Liveing.— Works by Robert Live- 
ing, M.A. and M.D. Caniab. 
Handbook on Diseases of the 
Skin. With especial reference to Diag- 
nosis and Treatment Fcp 8vo. Ss. 
NbTES ON THE TREATMENT OF SKIN 

Diseases. x8mo. y. 
Uioj^-^A Treatise on Magnet- 
iSMf General and Terrestrial. By H. 
Lloyd» D.D. D.CL. 8vo. lor. 6d. 

Uioyd.— The Science of Agricul- 
ture, By F. J. Lloyd. 8vo. 12/. 

Long^man. — History of the Life 
AND TiMBS of Edward HI. By 
William Longman, F.S.A. With 
9 Maps, 8 Plates, and 16 Woodcuts. 2 
vols. 8vo. 28x. 

Longman. — Works by Frederick 
W. LoNGMAN^BdUM College, Oxan. 

Chess Openings. Fcp. Svo. 2s. 6d. 

Frederick the Great and the 
Seven Years? War. With 2 Coloured 
Maps. 8vo. 2s. 6d. 

A New Pocket Dictionary of 
THE German and Engush Lan- 
guages. Square i8mo. 2s. td. 

Longman's Magazine* Published 

lilfonthly. Price Sixpence. 
Vols, i-io, 8vo. price 5^. each. 

Longmore. — Gunshot Injuries; 

Their History, Characteristic Features, 
Complications, and General Treatment. 
By Surgeon-General Sir T. Longmore. 
C.B., F.R.C.S. With 58 Illustrations. 
8vo. 3IJ. ^ 

Loudon. — Works by J. C. Loudon^ 

F.L.S. 

Encyclopedia of Gardening ; 

the Theory and Practice of Horticulture, 
Floriculture, Arboriculture, and Land- 
scape Gardening. With 1,000 Woodcuts. 
8vo. 21X. 
Encyclopmdia of Agriculture; 
the Laying-out, Improvement, and 
Management of Landed ProperW; the 
Cultivation and Economy of the Produc- 
tions of Agriculture. With I , lOO Wood- 
cuts. 8vo. 2IJ. 
Encyclopaedia of Plants; the 
Specific Character,. Description, Culture, 
History, &c. of all PlanU found in Great 
Britain, With.i2|OpQ>Woodculs, Svo. 42J. 
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Lubbock. — Tjf/£ Orjgiit of Civili- 

ZATIONAND THBPrIMITIVB CONDtTtOS 

OF Man. By Sir J. Lubbock, Bart. 
M.P. F.R.S. With Illustrations. Syo. 
I&r. 

Lyall. — The Autobiography of a 
Slander. By Edna Lyall, Author 
of 'Donovan,* «We Two,' &c. Fcp, 
8vo. IJ. sewed. 

Lyra Germanica ; Hymns Trans- 
lated from the German by Miss C« 
WiNKWO&TH. Fcp. 8vo. Sf. 

Macaulay. — Works and Life of 
Lord Ma ca ula y. 

History of England from the 

Accession of Jambs the Second: 
Student's Edition, 2 vols, crown 8vo. X2J. 
People's Edition, 4 vols, crown 8vo. 16/. 
Cabmet Edition, 8 vols, post 8vo. 481. 
Library Edition, 5 vols. 8vo. £^, 

Critical and Historical Essays, 
vfith Lays of Ancient JSomb, in i 
volume : 

Authorised Edition, crown 8vo. 2s, 6d» or 
3*. 6d. gilt edges. 

Popular Edition, crown 8vo. 2s, 6d, 

Critical and Historical Essays: 
Student's Edition, i vol. crown 8vo. 6s, 
People's Edition, 2 vols, crovm 8vo. 8f. 
Cabmet Edition, 4 vols, post 8vo. 24s, 
Library Edition, 3 vols. 8vo« 36;. 

Essays which may be had separ- 
ately price 6d, each sewed, is, each cloth : 
Addison and Walpole. 
Frederick the Great. 
Croker's Boswell's Johnson. 
Hallam's Constitutional History. 
Warren Hastings. (31/. sewed, &d, cloth.) 
The Earl of Chatham (Two Essays). 
Ranke and Gladstone. 
Milton and Machiavelli. 
Lord Bacon. 
Lord Clive. 

Lord Byron, and The Comic Dramatists of 
the Restoration. 



The Essay on Warren Hastings annotated 

by S. Hales, is, 6d, 
The Essay on Lord Clive annotated by 

H. COURTHOPE BOWBN, M.A, 2Ji 6d, 

Speeches: 
People's Edition, crown 8vo. 3J. td. 

Miscellaneous Writings: 
Library Edition, 2 vols. 8vo. 2ij« 
People's Edition, i vol. crown 8vo. 4r. 6d, 
[Continued abgvc* 



Macaulay — Works and Life of 

Lord macaulay— continued. 
Lays of Ancient Rome, &*c. 
Illustrated by G. Schar( fcp. 4to. lOf. hd. 
-..-~^— ^_— — . Popular Edition, 

fcp. 4to. td, sewed, \s, cloth. 
Illustrated by J. R. Weguelin, crown 8vo. 

3f . td, cloth extra, rilt edges. 
Cabinet Edition, post 8vo. y, 6d, 
Annotated Edition, fcp. 8vo. is, sewed is,6d* 

cloth, or 2r. 6d, doth extra, gilt edges. 
Selections from the Writings 

OF Lord Macaulay, Edited, with Oc* 

casional Notes, by the Rk;ht Hon. Sir 

G. O. Trxvblyan, Bart. Crown 8vo. ts. 
Miscellaneous Writings and 

Spbbchss: 
Student's Edition, in One Volume, crown 

8vo. 6s, 
Cabinet Edition, including Indian Penalt 

Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols, post 8vo. 24/. 
The Complete Works of Lord 

Macaulay, Edited by his Sister, Lady 

Trbvelyan. 
Library Edition, with Portrait, 8 voli* 

demy8vo. ;^5. $s. 
Cabinet Edition, 16 vols* post 8vo. £4, l6l. 
The Life and Letters of Lord 

Macaulay, By the Right Hon. Sir 

G. O. Trevelyan, Bart. 
Popular Edition, x vol. crown 8vo. 
Cabinet Edition, 2 vols, post 8vo. 
Library Edition, 2 vols. 8vo. 361. 

Macdonald. — Works by George 

MACDONALDy LL,D, 

Unspoken Sermons, First Series. 

Crown 8vo. y, 6d, 
Unspoken Sermons, Second Series. 

Crown 8vo. 3^. 6d, 
The Miracles of Our Lord. 

Crown 8vo. 3J. 6d, 
A Book of Strife^ in the form 

OF The Diary of an Old Sout: 

Poems. . i2mo. dr. 

Macfairen.— Works by Sir G, A, 

Macfarren, 
Lectures on Harmony, 8vo. its. 
Addresses and Lectures, Crown 

Bvo.'6x. 6d, 
Macleod.— Works by Henry D^ 
Macleod^ M,A, 
The Elements of Economics. In 
2 vols. Vol. I. crown 8vo. ^s, id. VdL 
n. Part i, crown 8vo. ^s, 6d, 
The Elements of Banking. 

Crown 8vo. 5j» 
The Theory and Practice of 
Banking, Vol. 1. 8va 12/. Vol 11. 14/. 
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McCulIoch. — The Dictionary 

OF COMMBRCB AND COMMBRCIAL NAYI- 

CATION of the late J. R. McCulloch, 
of H.M. Stationery Office. Latest Edi- 
' tion, containing the most recent Statistical 
Information l)y A- J. Wilson, i vol. 
medium 8vo. with 1 1 Maps and 30 Charts, 

grice 6y, doth, or 70*. strongly half- 
ound in russia. 

MademoiseUe Mori; a Tale of 

Modem Rome. By the Author of * The 
Atelier du Lys.' Crown 8vo. 2j. 6d, 

Mahaify. — A History of Clas- 
SICAL Crbbk LiTBRATURB, BythcRev. 
J. P. Mahaffy, M.A. Crown 8vo. 
Vol. I. Poets, js.6d. Vol. II. Prose 
Writers, 7^. td. 

Malmesbury. — Mbmoirs of an 

EK'Mjnistbr: an Autobiography. By 
theEarlof Malmesbury, G.C.B. Crown 
8vo. 7J. td. 
Manning. — The Temporal Mis- 
siONOP THB Holy Ghost; or. Reason 
and Revelation. By H. E. Manning, 
D.D. Cardinal- Archbishop. Crown 8vo. 

lHwctiXL— Navigation and Nauti- 
cal Astronomy, Compiled by Staff- 
Commander W. R. Martin, R.N. In- 
structor in Surveying, Navigation, and 
Compass Adjustment ; Lecturer on 
Meteorology at the Royal Naval College, 
Greenwich. Sanctioned for use in the 
Royal Navy by the Lords Commissioners 
of the Admiralty. Royal 8vo. i8x. 

lUdLXtrntdiVi— Works by James 

MARTINEAUy D.D, 

Hours of Thought on Sacred 
Things* Two Volumes of Sermons. 
£ vols, crown 8vo. Is, 6d, each, • 

Endeavours AFTER the Christian 
LiPB, Discourses. Crown 8vo. 71. 6d. 

Maunder's Treasuries. 

Biographical Treasury. Recon- 
structed, revised, and brought down to 
the year 1882, by W. L. R. Cates. 
Fcp. 8vo. 6jr. 

Treasury of Natural History; 
or. Popular Dictionary of Zoology. Fcp. 
8vo. with 900 Woodcuts, 6s, 

Treasury OF Geography^ Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates, Fcp. 8vo. 6s. 

Historical Treasury: Outlines of 
Universal History, Separate Histories of 
all Nations. Revised by the Rev. Sir G. 
W. Cox, Bart. M.A. Fcp. 8vo. dr. 
[Coniintied above. 



Maunder's Treasuries — continued. 

Treasury of Knowledge and 
Library of Rbfbrbncb. Comprising 
an English Dictionary and Gounmar, 
Universal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, &c. Fcp. 
^vo. 6s. 

Scientific and LirERARV Trea- 
sury: a Popular Encyclopsedin <rf'Science, 
Literature, and Art. Fcp. 8vo. dr. 

The Treasury of Bible Know- 
lbdgb; being a Dictionary of the Books, 
Persons, Places, Events, and other matters 
of which mention is made in Holy Scrip- 
ture. By the Rev. J. Ayre, M.A. With 
5 Maps, 15 Plates, and 300 Woodcuts. 
Fcp. ovo. 6s. 

The Treasury of Botany^ or 
Popular Dictionary of the Vegelable 
Kingdom. Edited by T. Lindixy,F.R.S. 
and T. Moore, F.L.S. With 274 Wood- 
cuts and 20 Steel Plates. Two Parts, 
fcp. 8vo. ixr. 

Max yiXkWtx.— Works BY F. Max 
MVller^ M,A. 

Biographical Essa vs. Crown 8vo. 
'!s,6d. 

Selected Essays on Language^ 
Mythology and Rbugion. 2 vols, 
crown 8vo. i6s. 

Lectures on the Science of Lan- 
guagb, 2 vols, crown 8vo. i6s. 

iNDiAy What Can it Teach Ust 
A Course of Lectures delivered before the 
University of Cambridge. 8vo. 12s, 6d. 

Hibbert Lectures on the Origin 
AND Growth of Rbugion, as illus- 
trated by the Religions of India. Crown 
8vo. ^s, 6d, 

Introduction to the Science of 
Rbligion: Four Lectures delivered at the 
Royal Institution. Crown 8vo. ^s, 6d' 

The Science OF Thought. 8vo. 2rx. 

Biographies of. Words^ and the 
Home of the Aryas, Crown 8v6i.. ^s, 6d. 

A Sanskrit Grammar for -Be- 
GINNSRS. New and Abridged Edition, 
accented and transliterated throughout, 
with a chapter on Syntax and an Ap- 
pendix on Classical Metres. By A. A. 
MacDonell, M. a. Ph.D. Crown8vo. 6s. 

May. — Works by the Right Hon. 
Sir Thomas Erskine Ma k, K. C.B. 
The Constitutional History of 
England since thb Accession of 
Georgb I//, i'j6o-iS7o. 3 vols, crown 
8vo. i&f. 
Democracy in Europe/ a History. 

2 vols. 8vo. 32J, 
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Mcath.-— W^^*^ BY THB Earl of 

Meath {Lard Brabazon). 
Social Arroivs : Reprinted Articles 
on various Social Subjects. Crown 8vo. 
is, boards, $s, cloth. 

Prosperity or Pauperism 7 Phy- 
sical» Industrial, and Technical Trafaiing. 
(Edited by the Earl of Msath). 8vo. 5^. 

HL^MXL^— Novels by G. / Whyte 

Melville, Crown 8va tr. ^u:h, boards ; 

Lf. 6^. each, doth. 

The Gladiators. 



Hobnby House. 
Kate Coventry. 
Digby Grand. 
General Bounce. 



The Interpreter. 
- Good for Nothing. 
The Queen's Maries. 

Mendelssohn.— T'^iE Letters of 
Feux Mendelssohn. Translated by 
Lady Wallace, a vols, crown 8vo. lOf. 

Merivale. — Works by the Very 
Rev. Charles Merivale^ D,D, 
Dean of Ely, 

History of the Romans under 
THE Empire, 8 vols, post 8vo. 48J. 

The Fall of the Roman Repub- 
UC : a Short History of the Last Century 
tury of the Commonwealth. i2mo. p, 6d, 

General History of Rome from 
B,c, 753 TO A,D, 476. Crown 8vo. 7^. 6d, 

The Roman Triumvirates. With 
Maps. Fcp. 8vo. 2s, 6d, 

Meyer. — Modern Theories of 
Chemistry. By Professor Lothar 
Meyer. Translated, from the Fifth 
Edition of the German, by P. Phillips 
Bedson, D.Sc. (Lond.) B.Sc (Vict.) 
F.C.S. ; and W. Carleton Williams, 
B.Sc (Vict.) F.CS. 8vo. i8j. 

MilL — Analysis of the Pheno- 
mena of the Human Mind, By 
James Mill. With Notes, Illustra- 
tive and Critical. 2 vols. 8vo. 28j. 

Mill. — Works by John Stuart 
Mill, 

Principles OF Political Economy, 

library Edition, 2 vols. 8va 30;. 

People's Edition, i vol. crown 8vo. 5^. 
A System of Logic^ Ratiocinative 

and Inductive. Crown 8vo. 5/. 
On Liberty, Crown 8vo. is. 4^. 
On Representative Government. 

Crown 8vo. 2;. 
Utilitarianism. 8va $5, 
Examination of Sir William 

HAUiLTOits Philosophy. 8vo. i6j. 
Nature^ THE Utility of Religion^ 

AND Theism. Three Essays. 8vo. 5^. 



Miller. — Works by W. Allen 

Miller^ M.D. LL.D. 
The Elements of Chemistry^ 

Theoretical and Practical. Re-edited, 

with Additions, by H. MACLEOD, F.CS. 

3 vols. 8vo. 
Vol. I. Chemical Physics, i6j. 
Vol. II. Inorganic Chemistry, 24J. 
Vol. III. Organic Chemistry, 31J. M. 
An Inteoductiqn to the Study 

OF Inorganic Chemistry. With 71 

Woodcuts. Fcp. 8vo. 3J. ^. 

MitchelL — A Manual of Prac- 
tical Assaying. By John Mitchell, 
F.CS. Revised, with the Recent Dis- 
coveries incorporated. By W. Crookes, 
F.R.S. 8vo. Woodcuts, 3IJ. &/. 

Molesworth. — Marrying and 
Giving in Marriage: a Novel By 
Mrs. Molesworth. Fcp. 8vo. 2s. 6d. 

Monsell. — Works by the Rev. 
/.SB. Monsell^ LL.D. 

Spiritual Songs for the Sun- 
days and Holydays throughout the 
Year. Fcp, 8vo. 5^. i8mo. 2s. 

The Beatitudes. Eight Sermons. 
Crown 8vo. 3^. 6d. 

If IS Presence not His Memory. 
Verses. i6mo. is. 

Mulhall. — HisTOR Y OF Prices since 
THE Year 1850. By Michael G. 
Mulhall. Crown 8vo. 6s. 

Munk. — Euthanasia ; or, Medical 
Treatment in Aid of an Easy Death. 
By Willi AM Munk, M.D. F.S. A. Fellow 
and late Senior Censor of the Royal 
College of Physicians, &c Crown 8vo. 

Murchison. — Works by Charles 

MuRCHisoN, M.D. LL.D. 6fc. 
A Treatise on the Continued 
Fevers of Great Britain, Revised 
by W. Cayley, M.D. Physician to the 
Middlesex Hospital. 8vo. with numerous 
Illustrations, 25/. 
Clinical Lectures on Diseases 
of the Liver^ Jaundice^ andAbdom* 
INAL Dropsy. Revised by T. Lauder 
Brunton, M. D. and Sir Joseph Fayrer, 
M.D. 8vo. with 43 Illustrations, 24J. 

Napier. — The Life of Sir Joseph 
NAPiERy Bart, Ex-Lord Chancellor 
OF Ireland, From his Private Corre- 
spondence. By Alex. Charles Ewald, 
F. S. A. With Portrait on Steel, engraved 
by G. J. Stodart, from a Photograph. 
8vo. ISJ, 
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Heison.—'ZETTERs aitdDespa tches 
opHoratio, Viscount Nelson, Selected 
and arranged by John Knox Laughton^ 
M.A. 8vo. x6j. 

Nesbit. — Lays and Legends. By 
£. Nesbit. Crown 8vo. 51. 

Newman. — Works by Cardinal 

Newman. 
Apologia pro VitA SuA. Crown 

8vo. dr. 
The Idea op a University defined 

and illustrated. Crown 8vo. 7^. 
Historical Sketches. 3 vols. 

crown 8vo. 6s. each. 

The Arians of the Fourth Cen- 
tury, Crown 8vo. dr. 

Discussions and Arguments oir 
Various Subjects. Crown 8vo. dr. 

An Ess A Y ON THE DEVELOPMENT OP 

Christian Doctrine. Crown 8vo. dr. 
Certain Difficulties felt by 
Anglicans in Catholic Teaching 
Considered. Vol. i, crown 8vo. *js. 6d.; 
VoL 2, crown 8vo. y. d/« 

The Via Media of the Anglicah 
Church, illustrated in Lectures 
^C 2 vols, crown 8vo. dr. each. 

Essays^ Critical and Historical. 

2 vols, crown 8vo.gi2J. 
EssA Ys ON Biblical and on Eccle- 

siastical Miracles. Crown 8vo. dr. 
An Essay in Aid of a Grammar 

op Assent, is, 6d. 

The Dream of Gerontius. i6mo. 
6d. sewed. 

Noble. — Hours with a Three-inch 
Telescope. By Captain W. Noble, 
F. R. A. S. &c. With a Map of the Moon. 
Crown 8vo. 41. 6d. 

Northcott.— Z^rjyjJ5 and Turn- 

ING, Simple, Mechanical, and Ornamen- 
tal. By W. H. NORTHCOTT. With 338 
Illustrations. 8vo. i&r. 

O'Hagan. — Selected Speeches 
AND Arguments of the Right 
Honourable Thomas Baron O'Hagan, 
Edited by George Teeling. With a 
Portrait. 8vo. \ts. 

Oliphant — Novels by Mrs. Oli- 

phant. 
Madam. Crown Svo. is. boards; 

IX. do^. cloth. 
In TRUST.^Qxd^n Svo. is. boards; 

\s. 6d. cloth. 



Oliver. — Astronomy for Ama- 
teurs: a Practical Manual of Telescopic 
Research adapted to Moderate Instru- 
ments. Edited by J. A. Wkstwood 
Oliver, with the assistance of £. W. 
Maunder, H. Grubb, J. E. Gore, 
W. F. Denning, W. S. Franks, T. G. 
Elger, S. W. Burnham, J. R. Capron, 
"T. W. Backhouse, and others. With 
several Illustrations. Crown Svo. 7^. 6d, 

Overton. — Life in the English 
Church {1660^1114). By J. H. Over- 
ton, M. A. Rector of Epworth. Svo. 14J. 

Owen. — l^iE Comparativs Ana- 
tomy and Physiology op the 
Vertebrate Animals. By Sir 
Richard Owen, K.C.B. &c. Witn 1,473 
Woodcuts. 3 vols. Svo. £^. 13J. 6^ 

Paget — Works by Sir James 
Paget, Bart. RR.S. D.CL. ^c. 
Clinical Lectures and Essays. 
Edited by F. Howard Marsh, Assistant- 
Surgeon to St. Bartholomew's Hospital. 
Svo. ly. 
Lectures on Surgical Patho- 
logy. Re-edited by the Author and 
W. Turner, M.B. Svo. with 131 
Woodcuts, 2 1 J. 

Pasteur. — Louis Pasteur, his Life 
and lAbours. By his Son-in-Law. 
Translated from the French by Lady 
Claud Hamilton. Crown Svo. yx. td. 

PSLjen.'^lNDUSTRIAL CHEMISTRY/ 
a Manual for Manu&cturers and for Col- 
leges or Technical Schools ; a Translation 
of Paven's ' Pr&is de Chimic Indus- 
trielle.' Edited by B. H. Paul. With 
69S Woodcuts. Medium Svo. 42s. 

PB,jn. — Novels by James Payn. 
TheLuckoftheDarrells. Crown 

8vo. \s, boards ; is, 6d, cloth. 
Thicker THAN Water. Crown Svo. 
IS. boards ; is, 6d. cloth. 

Pears. — The Fall of Constanti- 
nople: being the Story of the Fourth 
Crusade. By Edwin Pears, LL.B. 
Barrister-at-lAW, late President of the 
European Bar at Constantinople, and 
Knight of the Greek Order of the 
Saviour. Svo. idr. 

Pennell. — Our Sentimental Jour- 
ney through France and Italy, 
By Joseph and Elizabeth Robins , 
Pennell. With a Map and 120 Illus- 
trations by Joseph Pennell. Crown 8vo. ' 
6s, cloth or vegetable vellum. 

Ptrnvkg.— Hard Knots in Shake- 
speare. By Sir PHILIP PEERING, Bart. ' 
8vo. p. fyl, I 
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Piesse. — The Art of Perfumery^ 

and the Methods of Obtaining the Odours 
of Plants; with Instructions for the 
ManuDeurture of Perfumes, &c. By G. 
W. S. PiESSE, Ph.D. F.C.S. With 
96 Woodcuts, square crown 8vo. 21/. 

Pole — The Theory of the Mo^ 

DERN SCIBNTIFIC GaMB OF WHIST, 

By W. Pole, F.R.S. Fcp. 8vo. ax. 6<i 
'9ttxAtx%zs)i.— Ireland^ from the 

Restoration to the Revolution, i66o> 
169a ^By John P. Prsnde&gast. 8vo. 5s. 

Proctor.— Works byR. A, Proctor. 

The Orbs Around Us; b. Series of 
Essays on the Moon and Planets, Meteors 
and Comets. With Chart and Diagrams, 
crown 8vo. Ss, 

Other Worlds than Ours; The 

Plurality of Worlds Studied under the 
Li^ht of Recent Scientific Researches, 
With 14 Illustrations, crown 8vo. 5/. 

The Moon ; her Motions, Aspects, 
Scenery, and Physical Condition. With 
Plates, Charts, Woodcuts, and Lunar 
Photographs, crown 8vo. 6j. 

Universe of Stars; Presenting 
Researches into and New Views respect- 
ing the Constitution of the Heavens. 
With 22 Charts and 22 Diagrams, 8vo. 
xor. 6</. 

Larger Star Atlas for the Library, 
in 12 Circular Maps, with Introduction 
and 2 Index Pages. Folio, 15J. or Maps 
only, 12/. 6d. 

New Star Atlas for the Library, 
the School, and the Observatory, in 12 
Circular Maps (with 2 Index Plates). 
Crown 8vo. 5j. 

Light Science for Leisure Hours; 
Familiar Essays on Scientific Subjects, 
Natural Phenomena, &c 3 vols, crown 
8vo. 51. each. 

Chance and Luck; a Discussion of 
the Laws of Luck, Coincidences, Wagers, 
Lotteries, and the Fallacies of Gambling 
&C. Crown 8vo. 5j« 

Studies of Venus-Transits; an 
Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and 10 Plates. 8vo. $s. 

Old and New Astronomy. 

*^* In course of publication, in twelve 
monthly parts and a supplementary sec- 
tion. In each there will be 64 pages, 
imp. 8vo. many cuts, and 2 plates, or one 
large folding plate. The price of each 
part will be 2s. 6d. ; that of the supple- 
mentary section, containing tables, index, 
and preface, is. The price of the com- 
plete work, in cloth, 36/. 



The « KNOWLEDGE' LIBRARY. Edi* 
ted by Richard A. Proctor. 
How to Play Whist: with the 
Laws and Ettqubtts of Whist. 
By R. A. Proctor. Crown 8vo. y. 

Home Whist: an Easy Guide to 
CorrectPlay. By R. A. Proctor. i6mo.i/. 

The Poetry of Astronomy. A 
Series of Familiar Essays. By R. A. 
Proctor. Crown 8vo. dx. 

Nature Studies. By Grant Allen, 
A. Wilson, T. Foster, E. Clodd, and 
R. A, Proctor. Crown 8vo. 6j. 

Leisure Readings. By E. ClodDi 
A. Wilson, T. Foster, A. C.Runyard, 
and R. A. Proctor. Crown 8vo. 6s. 

The Stars in their Seasons. 
An Easy Guide to a Knowledge of the 
Star Groups, in i2 Large Maps. By R. 
A. Proctor. Imperial 8vo. y. 

Star Primer. Showing the Starry 
Sky Week by Week, in 24 Hourly Maps. 
By R. A. Proctor. Crown 4to, 2s. &/. 

The Seasons Pictured in 48 5cw- 
Vibws of thb EARTHy and 24 Zodiacal 
Maps, &c. By R. A. Proctor. Demy 
4to. SJ. 

Strength and Happiness. By 
R. A. Proctor. Crown 8vo. y. 

Rough H^ays Made Smooth. Fami- 
liar Essays on Scientific Subjects. By 
R, A. Proctor. Crown 8vo. 5x. 

Our Place Among Infinities. A 
Series of Essays contrasting our Little 
Abode in Space and Time with the Infi- 
nities Around us. By R. A. Proctor. 
Crown 8vo. $s. 

The Expanse of Hea yen. Essays 
on the Wonders of the Firmament. By 
R. A. Proctor. Crown 8vo. 51. 

The Great Pyramid, Obserya^ 
TORY Tomb, and Tbmplb. With 
lUustiations. Crown 8vo. dr. 

Pleasant Ways in Science. By 
R. A. Proctor. Crown 8vo. 6s. 

Myths and Marvels of Astro^ 
nomy. By R. A. Proctor. Cr. 8vo. 6#. 

Prothero. — The Pioneers and 
Progress of English Farming. By 
Rowland E. Prothero. Crown 8vo. 

Pryce. — The Ancient British 

ChvRCH : an Historical Essay. By TOHN 
Pryce, M. A. Canon of Bangor. Crown 
8vo. 6x. 
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Quain's Elements of Anatomy. 

The Ninth Edition. Re-edited by Allen 
Thomson, M.D. LL.D. F.R.S.S. L. & £. 
Edward Albert Schafer, F.R.S. and 
George Dancer Thane. With up- 
wards of 1,000 Illostrations engraved on 
Wood» of which many are Coloured. 
2 Tols. 8vo. i&r. each. 

Quain. — A Dictionary op Medi- 
cine. By Various Writers. Edited by R. 
Quain, M.D. F.R.S. &c. With 138 
Woodcuts. Medium 8to. 3IJ. 6t/. doth, 
or 40f. half-mssia; to be had also in 
2 vols. 34X* cloth. 

Reader. — Works by Emily E, 
Reader. 

The Ghost of Brankinshaw and 
other Tales. With 9 Full-page Illustra- 
tions. Fcp. 8vo. 2J. 6</. cloth extra, gilt 
edges. 

Voices from Flower-Land, in 
Original Couplets* A Birthday-Book and 
T^ngiiage of Flowers, i6mo. is,6tL limp 
cloth ; 2x. 6d. roan, gilt edges, or in vege- 
table vellum, gilt top. 

Fairy Prince Follow-my-Lead ; 
or, the Magic Bracblbt, Illustrated 
by Wm. Reader. Crown 8vo. 2s. 6d. 
gilt edges ; or 3j. 6d. vegetable vellum, 
gilt edges. 

The Three Giants 6r*c. Royal 
i6mo. If. cloth. 

The Model Boy &*€. Royal i6mo. 
IS. cloth. 

Be Yt Hys who Fynds Yt. Royal 
l6mo. is. cloth. 

Reeve. — Cookery and House- 
KBEPiNG. By Mrs. Henry Reeve. With 
8 Coloured PUtes and 37 Woodcuts. 
Crown 8vo. 5x. 

mch. — A Dictionary of Roman 
and Greek antiquities. With 2,000 
Woodcuts. By A. Rich, B.A. Cr. 8vo. 
7/ . 6d. 

Richardson. — Works by Benjamin 
Ward Richardson, M.D. 

The Health of Na tions : a Review 
of the Works— Economical, Educational, 
Sanitaiy, and Administrative — of Edwin 
Chadwick, C.B. With a Biographical 
Dissertation by Benjamin Ward Rich- 
ardson, M.D. F.R.S. 2 vols. 8vo. 28^. 

The Commonhealth : a Series of 
Essays on Health and Felicity for Eveiy- 
Day Readers. Crown 8vo. 6j. 



Richey. — A Short History of the 
Irish People^ down to the Date of the 
Plantation of Ulster. By the late A. G. 
Richey, Q.C. LL.D. M.R.I.A. Edited, 
with Notes, by Robert Romney Kane, 
LL.D. M.R.I.A. Svo. 14J. 

Riley. — Athos; or, the Mountain of 
the Monks. By Athelstan Rilet, 
M.A. F.R.G.S. With Map and 29 
Illustrations. 8vo. 21/. 

Rivers. — Works by Thomas 
Rivers. 

The Orchard-House. With 25 
Woodcuts. Crown 8vo. 5J. 

The Miniature Fruit Garden; 
or, the Culture of Pynunidal and Bush 
Fruit Trees, vdth Instructions for Root 
Pruning. With 32 Xllustnitions. Fcp. 
8vo. 4J. 

Roberts. — Greek the Language 
op Christ and His Apostles. By 
Alexander Roberts, D.D. Svo. i%s. 

Robinson. — The New Arcadia^ 

and other Poems. By A. Mary F. 
Robinson. Crown 8vo. ts. 

ROffet. — Thesaurus of Engush 
Words and Phrases^ ClassiBed and 
Arranged so as to fecilitate the Expression 
of Ideas and assist in Literary Com- 
position. By Peter M. Roget. Crown 
8vo. lor. 6a 

Ronalds. — The Fly-Fisher's 
Entomology. B^ Alfred Ronalds. 
With 20 Coloured Plates. 8vo. 14/. 

Sdin/tAmvf.— Manchester : a Short 
History. By George Saintsburt. With 
2 Maps. Crown 8va ^x. ^tL 

Schilfer. — The Essentials of 
Histology, Descriptive and Practi- 
cal. For the use of Students. By E. 
A. ScHAFER, F.R.S. With 281 Illus- 
trations. 8vo. 6s. or Interleaved with 
Drawing Paper, 8x. 6d. 

Schellen. — Spectrum Analysis 
IN ITS Application to Terrestrial 
Substances, and the Physical Constitu- 
tion of the Heavenly Bodies. By Dr. 
H. Schellen. Translated by Jane and 
Caroline Lassell. Edited by Capt. 
W. De W. Abney. With 14 Plates 
(including Angstrom's and Comu's Maps) 
and 291 Woodcuts. 8vo. 31J. Sd. 

Scott. — Weather Charts and 
Storm Warnings. By Robert H. 
Scott, M.A. F.R.S. With numerous 
Illustrations. Crown 8vo. 6s, 
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Stthohm.— Works by Frederic 
Seebohat, 

TkE Oxford Reformers — Joffir 
CoLBT, Erasmus, and Thomas more; 
a History of their Fellow- Work. 8vo. 14^. 

The English Village Community 
Examined in its Relations to the Manorial 
and Tribal Systems, &c, 13 Maps, and 
Plates. 8vo. idr. 

TheEra of the Protestant Revo- 
LUTiON* With Map. Fcp. 8vo. 2j. 6d. 

Sennett. — The Marine Steam 
Enginb; a Treatise for the use of Engi- 
neering Students and Officers of mt 
Royal Navy. By Richa:^ Sennett, 
Engineer-in-Chiet of the Royal Navy. 
With 244 Illustrations. 8vo. zu* 

SewelL — Stories and Tales. 

By Elizabeth M. Sbwell. Crown 8vo. 

Is, each, boards ; is, 6d, each, doth plain ; 

2r. 6d, each, cloth extra, gilt edges :— 
Amy Herbert. Margaret Percival. 

The Earl's Daughter. Laneton Parsonage. 
The Experience of Life. Ursula. 
A Glimpse of the World. Gertrude, 
Cleve HalL j^ Ivors. 

Katharine Asbton. 

Shakespeare. — Bowdler^s Fa- 

MiLY Shakespeare, Genuine Edition, 

in I vol. medium 8vo. large type, with 

<«r 36/WoodcutB,. f 4f . or in 6 vols. fcp. 8to. 

21/. 

OUTJ^INES OF THE LiFE OF ShaKE-^ 
SPEARS, By J. O. Halliwell-P«il- 
Lipps, 'F.R.S. 2 vols. Royal 8vo. 
xor. 6d, 

Shilling Standard Novels. 

£y THE Earl of Beaconsfield. 

The YouiurDuke, &c 
Contarini Fleming, &c. 
Henrietta Temple. 
Lothair. 
Endymion. 



Vivian Grqr* 
Venetia. 
Tancred. 
Sybil. 
Coningsby. 
Alroy, Ixion, &c. 
Price IS, each, boards ; is, 6d. each, cloth. 

By G.J. WhytE'Melville. 



The Gladiators. 
The Interpreter. 
Good for Nothing. 
Queen's Maries. 



Holmby House. 
Kate Coventry. 
Digby Grand. 
General Bounce. 



Price If. each, boards; \s. 6d. each, doth. 

By Robert Louis Stevenson. 

The Dynamiter. 

Strange Case of Dr. Jckyll and Mr. Hyde. 
Price IS. each, sewed ; is, td, each, doth. 
[Continued above. 



Shilling Standard NoTels-<<^* 

By Elizabeth M. Sewell. 



Amy Herbert. 
Gertrude. 
Earl's Daughter. 
The Experience 

of Life. 
Clev« HaU. 



AGlimpseoftheWorld. 

Ivors. 

Katharine Ashton. 

Margaret PercivaL 

Laneton Parsonage. 

Ursula. 



Price IX. each, boards ; is, 6d. each, doth, 
plain; 2s, 6d. each, cloth extra, gilt edges. 

By Anthony Trollope. 

The Warden. | Barchester Towers. 
Price IS. each, boards ; is. 6d, each, doth. 

By Bret Harte. 

In the Can^uinez Woods. \s. boards; 

Is, dd, doth. 
On the Frontier (Three Stories), u. sewed. 
By Shore and Sedge (Three Stories), is. 

sew^. 

By Mrs. Oliphant. 
In Trust. | Madam. 

By James Payn. 

Thicker than Water. 
The Luck of the Darrells. 
Price is. each, boards ; is.6d, each, cloth. 

Short. — Sketch of the History 
of. the Church of England to the 
Revolution of 1688. By T. V. Short, 
D.D. Crown 8vo. 7x. 6</. 

Smith.— Z/^fijprK AND Liberalism ; 
a protest against the Growing Tendency 
toward Undue Interference by the State 
with Individual Liberty, Private Enter- 
prise, and the Rights of Property. By 
Bruce Smith, of the Inner Templ^ 
• Banister-at-Law. Crown 8vo. dr. 

Smithy H. F.— ^^^ Handbook for 
MiDwrvss. By Henrt Fly Smith, 
M.B. Oxon. M.R.C.S. late Assistant- 
Surgeon at the Hospital for Sick Womeiiy 
Soho Square. With 41 Woodcuts. 
Crown 8vo. 5/. 

Smith, R. Bosworth. — Car- 
thage AND THE Carthaginians, By 
R. BoswoRTH Smith, M.A. Maps, 
Plans, &c Crown 8vo. los. 6d. 

Smith, Rev. Sydney.— The Wit 

AND Wisdom of the Rev, Sydney 
Smith, Crown 8vo. is. boards ; is. 6d, 
doth. 

Smith, T. — A Manual of Opera* 
TivE Surgery on the Dead Body. 
By Thomas Smith, Surgeon to St. 
Bartholomew's Hospital. A New Edi- 
tion, re-edited by W. J. Walsham. 
With 46 Illustrations. 8vo. I2J-. 
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Southey. — The Poetical Works 

OF HoBBRT SOUTHSY^ With the Author's 
last Conections and Additions. Medium 
8vo. with Portrait, 14J. 

Stanley. — A Familiar History 
OF Birds. By £. Stanley, D.D. 
Revised and enlarged, with 160 Wood- 
cuts. Crown Svo. dr. 

SXti^— Works by /. B. Steel^ 
M.E.C.V.S. 

A Treatise on the Diseases of 
thb Dog ; being a Manual of Canine 
Pathology. Especially : adapted for the 
Use of Veterinary Practitioners and 
Students. With 88 lUustrations. 8vo. 
lOf. 6d. 

A Treatise oh the Diseases 
OF THB Ox; being a Manual of Bovine 
Pfttholo^ specially adapted for the use 
of Vetennai^ Practitioners and Students. 
With 2 Plates and 117 Woodcuts. 8vo. 
15^. 

Stephen. — Essays ih Ecclesias- 
tical Biography. By the Right Hon. 
Sir T. Stephen, LL.D. Crown 8vo. 

Stevenson. — Works by Robert 
Louis Steyehsoh. 

A Child's Garden of Verses. 
Snudl fcp. 8vo. 5^. 

The Dynamiter. Fcp. Svo. is. swd. 
u. 6d. cloth. 

Strange Case of Dr. Jekyll and 
Mr. Hydb. Fcp. 8vo. \s. sewed ; \s. td. 
doth. 

* Stonehenge.* — The Dog in 

Health and Disease. By * Stone* 
HENGB.' With 84 Wood Engravings. 
Square crown 8vo. 7^. td. 

The Greyhound. By'STONEHENGE.* 
With 25 PortraiU of Greyhounds, &c. 
Square crown 8vo. 15J. 

Stoney, — The Theory of the 
Stresses on Girders and Similar 
Structures. With Practical Observa- 
tions on the Strength and other Properties 
of Materials. By Bindon B. Stoney, 
LL.D. F.R.S. M.I.C.E. With 5 Plates, 
and 143 lUustrations in the Text. Royal 
Svo. 36s. 



Sully. — Works by James Sully. 

Outlines of Psychology^ with 
Special Reference to the Theory of Edu- 
cation. 8vo. \2s, 6^« 

The Teacher's Handbook of 
Psychology^ on the Basis of * Outlines 
of Psychology.' Crown 8va 6s. 6d. 

Supernatural Religion ; an In- 
quiry into the Reality of Divine Reve- 
lation. Complete Edition, thoroughly 
revised. 3 vols. 8va 36X. 

Swinburne. — Picture Logic; an 

Attempt to Popularise the Science of 
Reasoning. By A. J. Swinburne, 6. A. 
Post 8vo. 5/. 

Taylor. — Student's Manual of 
the History of India^ from the Earliest 
Period to the Present Time. By Colonel 
Meadows Taylor, C.S.I. Crown Svo. 
7x. 6d. 

Taylor. — An Agricultural Note- 
book: to Assist Candidates in Pre- 
paring for the Science and Art and other 
Examinations in Agriculture. By W. C. 
Taylor. Crown 8vo. 2s. 6d. 

Thompson.— Works by D. Green- 
leaf Thompson. 

The Problem of Evil : an Intro- 
duction to the Practical Sciences. 8vo. 
los. 6d. 

A System of Psychology. 2 vols. 
8vo. 36J. 

Thomson's Conspectus.— Adapted 

to the British Pharmacopoeia of 1885. 
Edited by Nestor Tirard, M.D. Lond. 
F.R.C.P. New Edition, with an Ap- 
pendix containing notices of some of the 
more important non-official medicines 
and preparations. l8mo. dr. 

Thomson. — An Outline of the 
Necessary Laws of Thought; a 
Treatise on Pure and Applied Logic By 
W. Thomson, D.D. Archbishop of 
York. Crown Svo. 6s, 

Three hi Norway. By Two of 

Them. With a Map and 59 Illustra- 
tions on Wood from Sketches by the 
Authors. Crown Svo. %s. boards ; zr. 6d. 
cloth. 
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Todd. — (?iv Parliamentary Go- 

VBRNMBNT IN ENGLAND: its Origin, 

Development, and Practical Operation. 
By Alpheus Todd, LL.D. C.M.G. 
Librarian of Parliament for the Dominion 
of Canada. Second Edition, by his Son. 
In Two Volumes— Vol. I, 8vo. 24J. 

Trevelyan. — Works by thb Right 

Hon. Sir G. O, Trsyslyan, Bart. 

The Life and Letters op Lord 

Macaulay, 

Library Edition, 2 vols. 8vo. 36/. 

Cabinet Edition, 2 vols, crown 8vo. 

Popular Edition, i vol. crown 8vo. 
6r. 
The Early History of Charles 
Jambs Fox. Library Edition, 8vo. i8x. 
Cabinet Edition, crown 8vo. 6;. 

Trollope. — Novels by Anthony 
Trollops, 

The Warden Crown 8vo. w. 

boards; u. 6«/. cloth. 
Barchester Towers. Crown Svo. 

IS. boards ; ix. 6^. doth. 

Twiss. — Works by Sir Tr avers 
Twiss. 

The Rights and Duties of Na- 
tions, considered as Independent Com- 
munities in Time of War. Svo. 21s, 

2VfE Rights and Duties of 
Nations in Tims of Pbacs, Svo. 
IS/. 

TyndalL — Works by John Tyn- 

DALL, F.R.S &*C. 

fragments of Science. 2 vols. 

crown Svo. l6s. 
Heat A Mode of Motion. Crown 

Svo. I2X. 

Sound. With 204 Woodcuts. 
Crown Svo. los. td. 

Essays on the Floating-Matter 
of ths Air in relation to Putre£Eu:tion 
and Infection. With 24 Woodcuts. 
Crown Svo. ^s. 6d. 

Lectures on Light^ delivered in 
America in 1S72 and 1S73. With 57 
Diagrams. Crown Svo. 5^. 

Lessons in Electricity at the 
Royal Institution, 1875-76. With 
58 Woodcuts. Crown Svo. 2r. 6d. 

Notes of a Course of Seven 
Lbcturss on Electrical Pheno- 
mena AND Theories, delivered at the 
Royal Institution. Crown Svo. ix. sewed, 
is. 6</, cloth. 

[Continued above , 



TynAaXL— Works by John Tyn- 

DALL, F.R.S. &*c.—conHmted. 

Notes of a Course of Nine Lec- 
turbs on Light, delivered at the Royal 
Institution. Crown Svo. is, sewed, ix. 6«r. 
cloth. 

Faraday as a Discoverer. Fcp. 
Svo. y. 6d. 

Ville. — On Artificial Manures^ 
their Chemical Selection and Scientific 
Application to Agriculture. By Georges 
Ville. Translated and edited by W. 
Crookes, F.R.S. With 31 Plates. 
Svo. 211. 

Vir^—PuBLi Vergili Maronis 
BucoucA^ Georgica^ Mneis ; the 
Works of Virgil, Latin Text, with 
English Commentary and Index. By 
B. H. Kennedy, D.D. Crown Svo. 
lOf. td. 

The jEneid of. Virgil. Translated 
into English Verse. By John Coning- 
TON, M.A. Crown Svo. 91. 

The Poems of Virgil. Translated 
into English Prose. By John Coning« 
TON, M.A. Crown Svo. 91. 

Vitzthum.— ^r. Petersburg and 
London in ths Years 1S52-1S64: 
Reminiscences of Count Charles Fred- 
erick VlTZTHUM VON EcksTOEDT, late 
Saxon Minister at the Court of St. James*. 
Edited, with a Pre&ce, by Henry Reeve, 
C.B. D.C.L. 2 vols. Svo. 30;. 

Walker. — The Correct Card; 
or, How to Play at Whist; a Whist 
Catechism. By Major A. Campbell- 
Walker, F.R.G.S. Fcp. Svo. 2s. 6d. 

Walpole. — History of England 
FROM THE Conclusion of the Great 
War in 1S15. By Spencer Walpole, 
5 vols. Svo. Vols. L and IL 1815-1832, 
36i. ; Vol. HL 1832-1S41, iSj.; Vols. IV. 
and V. 1841-1S58, 36f. 

Waters. — Parish Registers in 
England: their History and Contents. 
With Suggestions for Securing their better 
Custody and Preservation. By Robert 
E. Chester Waters, B.A. Svo, 51. 

Watson. — Marahuna : a Romance. 
By H. B. Marriott Watson. Crown 
Svo. 6s. 

Watts. — A Dictionary OF Chemis- 
try AND THE ALUED BRANCHES OF 

OTHER Sciences. Edited bv Henry 
Watts, F.R.S. 9 vols, medium Svo, 
£15. 2s, ^. 
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Webb. — Celestial OsyscTs for 
COMTUON TELESCOPES. By the Rev. 
T« W. Webb. Map, Plate» Woodcats. 
Crown 8vo. 9s, 

WeUingfton. — Zjpe of the Duke 
OP Welungton, By the Rev. G. R. 
Glkig, M.A. Crown 8vo. Portrait, 

WesL — Works by Charles Wmst^ 
MmDn &*c. Founder of, and formerlv 
Physician to, the Hospital for Sick 
Children. 

Lectures on the Diseases op In- 
fancy AND Childhood. 8vo. iSx. 

The Mother^s Manual of Chil- 
dren's Diseases, Crown 8vo. ar. drf, 

Whately. — English Synonyms. 
By £. JANB Whately. Edited by her 
Father, R. Whately, D.D. Fop. 8vo. 

Whately. — Works by A Whately^ 

D.D. 
Elements of Logic. Crown 8vo. 

4* . &/. 
Elements of Rhetoric. Crown 

8vo. 4^. 6</. 
Lessons on Reasoning. Fcp, 8va 

u.6d. 
JB agon's Essays^ with Annotations. 

8vo. lOf. 6d. 

White and Riddle.— -rf La tin-Eng- 
lish Dictionary, By T. T. White, 
D.D. Oxon. and J. J. E. Riddle, M.A. 
Ozon. Founded on the larger Dictionary 
ofFreund. Royal8vo. 2U. 

White.— ^ Concise Latin-Eng- 
USH Dictionary^ for the Use of Ad- 
vanced Scholars and University Students 
By the Rev. J. T. White, D.D. ..Royal 

8V0. I2X. 

Whiteing. — TheIsland: an Adven- 
ture of a Person of Quality ; a Novel. 
By Richard Whitking. Crown 8vo. 6s. 

\^COCks. — The Sea Fisherman. 
Comprising the Chief Methods of Hook 
and Line Fishing in the British and other 
Seas, and Remarks on Nets, Boats, and 
Boating. By J. C. WiLCOCKS. Pro- 
fusely Illustrated. Crown 8vo. 6s» 

Wilkinson. — The Friendly So- 
ciety Movement: Its Origin, Rise, and 
Growth; its Social, Moral, and Educational 
Influences.— T^KS Affiliated Orders. 
—By the Rev. John Frome Wilkinson, 
M.A. Crown 8vo. 2s. 6d, 



Williams. — Pulmonaky Consump- 

TioN ; iU Etiology, Pathology, and 
Treatment. With an Analysis of 1,000 
Cases to Exemplify its Duration and 
Modes of Arrest By C. J. B. Williams, 
M.D. LL.D. F.R.S. F.R.C.P. and 
Charles Theodore Williams, M.A. 
M.D.Oxon. F.R.C.P. With 4 Coloured 
. Plates and 10 Woodcuts. 8vo. i6f . 

Williams. — Manual of Tele- 
graphy. By W. Williams, Superin- 
tendentof Indian Government Tel^raphs. 
Illttstrated by 93 Wood Engravings. 5vo. 
lOr. 6^. 

Willich. — Popular Tables for 
giving Information for ascertaining the 
value of Lifehold, Leasehold, and Church 
Property, the Public Funds, &c. By 
Charles M. Willich. Edited 1^ 
H. Bence Jones. Crown 8vo. lOf . 6^. 

Wilson. — A Manual of Health- 
Science. Adapted for Use in Schools 
and Colleges, and suited to the Require- 
ments of Students preparing for the Ex- 
aminations in Hygiene of the Science 
and Art Department, &c. By Andrew 
Wilson, F.R.S.E. F.L.S. &c With 
74 Illustrations. Crown 8vo. ax. 6^ 

Witt — Works by J^rof. Witt. 
Translated from the Gwman by Frances 
Younghusband. 

The Trojan War. With a Preface 
by the Rev. W. G. Ru:]^hbRFORD, M.A. 
Head-Master of Westminster School. 
Crown 8vo. 2J. 

Myths of Hellas; or, Greek Tales. 
Crown 8vo. y. 6d. 

The Wanderings of Ulysses. 
Crown 8vo» 35. 6d. 

Wood.— IF(?i?jKs by Rev. J. G. 
Wood. 

Homes Without Hands ; a De- 
scription of the Habitations of Animals, 
classed according to the Principle of Con- 
struction. With 140 Illustrations. 8vo. 
10s. 6d, 

Insects at Home ; a Popular 
Aocount of British Insects, their Struc- 
ture, Habits, and Transformations. With 
700 Illustrations. 8vo. lor. 6^. 

Insects Abroad; a Popular Aocount 
of Foreign Insects, their Structure, 
Habits, and Transformations. With 
600 Illustrations. 8vo. \os. 6d. 
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Wood. — Works by Rev. L G. 
Wood— continued, 

Bible Animals; a Description of 
every Living Creature mentioned in the 
Scnptures. With 112 Illustrations. 8vo. 
lar. 6(/. 

Strange Dwellings; a Description 
of the Habitations of Animals, abridged 
from 'Homes without Hands.* With 
60 Illustrations. Crown 8vo. 51. Popular 
Edition, 4to. 6d, -^ r 

Horse and Man: their Mutual 
Dependence and Duties. With 49 Illus- 
trations. 8vo. 14J. 

Illustrated Stable Maxims. To 

be hung in Stables for the use of Grooms, 
Stablemen, and others who are in chaise 
of Horses. On Sheet, ^r. 

Out OF Doors; a Selection of 
Original Articles on Practical Natural 
History. With 11 Illustrations. Crown 
8vo. $s, • 

Petland Revisited. With 33 
Ilhxstrations. Crown 8vo. is. 6d. 

The following books are extracted from the 
foregoing works by the Rev. J. G. Wood ; 

Social Habitations and Parasitic 
NssTS. With 18 Illustrations. Crown 
8vo. 2s. clolh extra, gilt edges. • 

The Branch Builders. With 28 
..Illustrations. Crown 8vo. ax. 6</. cloth 
extra, gilt e^ges. 

Wild Animals of the. Bible. 

With 29 Illustrations. Crown 8vo. %t, 6d. 
cloth extra, gilt edg^s. 

Domestic Animals of the Bible. 
.With 23 Illustrations. Crown 8vo. %s. 6d. 
-^ cloth extra, gilt edges* 

- Bird-Life OF THE Bible. With 32 
Illustrations. Crown 8vo. jj. ed. cloth 
extra, gilt edges. 

Wonderful Nests. With 30 Illus- 
trations. Crown 8vo* 3J. 6d, cloth extra, 
gilt edges. 

Homes UNi)i:R the Ground. With 
28 Illustratibtfe. Crown 8vo. 3J* 6d. cloth 
extra, gilt edges. 

Wood-Martin. — The Lake 

DWBLUNGS OF IttBLAND: or Ancient 
Lacustrine Habitations of Erin, common- 
ly called Crannogs. By W. G, Wood- 
Martin, M.R.I.A. Lieut. -Colonel 8th 
Brigade North Irish Division, R.A. 
With 50 Phites. Royal 8vo. zi^. 
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Wnght.— -fiT/p Disease in Child- 
hood^ with Special Reference to its Treat- 
ment by Excision. By G. A. Wright, 
B.A. M.B.Oxon. F.R,C.S.Eng. With 
48 Origmal Woodcuts. 8vo, loj. 6</. 

Wylie. ~ History of England 
under Hbnrythb Fourth. By Jambs 
Hamilton Wyue, M.A. one di Her 

Maiesty's Inspectors of Schools, (2 vols.) 
Vol. I, crown 8vo. 10/. td. 

Wylit. — Zabour, Leisure, and 

LuxuRT; a Contribution to Present 

Practical . Political Economy. By 

Alexander Wyub, of Glasgow. Crown 
8vo. IS. 

Youatt — Works by William 

YOUATT. 

The Horse. Revised and enlanred 

^JT-.^^'^i'' M.R.C.V.S. Ivo. 
Woodcuts, 7x. 6^. 

The Dog. Revised and enlarged. 
8vo. Woodcuts. 6f . 

Younghusband.~7^ir Story of 

Our Lord, told w Simple Lanquagb 
for Children, lij Frances Young- 
husband. With 25 Illustrations on Wood 
from Pictures by the Old Masters, and 
numerous Ornamental Borders, Initial 
if "^Sl*^ ^^ Longmans' lUnstrated 
New Testament. Crown 8vo. 2s. 6d. cloth 
plam ; y. 6cf. cloth esctra, gilt edges. 

Zeller. — Works by Dr. E. 
Zbllbr. 

History of Eclecticism in Greek 
Philosophy. Translated by Sarah 
F. Alleyne. Crown 8vo. tos. 6d. 

The Stoics, Epicureans, and 

Scbptics. Translated by the Rev. O. 

J. Reichel, M.A. Crown-8vo. 15/. 
Socrates and the Socratic 

^HOOLS. Translated by the Rev. O. J. 

Reichel, M. A. Crown 8vo. lor. 6d. 
P^ATO AND THE OlDER AcADEMY. 

TransUted by Sarah F. Alleyne and 
Alfred Goodwin, B.A, Crown 8vo. 
I OS, 

The Pre-Socratic Schools: a His- 
toi^ of Greek PhUosophy from the Earliest 
Period to the Ume of Socrates. Trans- 
lated ly Sarah F. Alleyne. 2 vols, 
crown 8vo. 30*. 

Outlines of the History op 
Grbbk Philosophy. Translated by 
Sarah F. Alleyne and £vblyn 
Abbott. Crown 8vo. lor. ^ 
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EPOCHS OF ANCIENT HISTORY. 

Edited by the Rev. Sir G. W. Cox^ Bart. M,A. and by C. Sankey, M.A. lo volumes, 
fcp. 8vo. with Maps, price 2s, 6d, each. 



TffE GsACcm, Marius, and Sulla, By 

A. H. BsBSLY, M.A. With a Maps. 

T^B Early Roman Empire, From the 

. Assassination of Julius Caesar to the Assassination 
of Domitian. By the Rev. W. Wolpb Capes, M.A. 
With 3 Maps. 

The Roman Empire of the Second Cbn- 

iury. or the Age ofiht Ani^nines. By the Rev. 
W. WoLFB Capks, M.A. With a Maps. 

The Athenian Empire from the Flight 

of Xerxes U the Fall of Athens. By the Rev. 
Sir G. W. Cox, Bart. M.A. With 5 Maps. 

The Rise of the Macedonian Empire. 

By Akthuk M. Cuktkis, M.A. With 8 Maps. 



The Greeks and the Persians, By the 

Rev. Sir G. W. Cox, Bart. M.A. With 4 Maps. 

Rome to its Capture by the Gauls. 

By WiLHBLM Ihnb. With a Map. 

The Roman Triumvirates, By the Very 

Rev. Charles Mkrivalb, D.D. Dean of Ely. 
With a Map. 

The Spartan and Theban Supremacies, 

By Chakles Sankbv, M.A. With 5 Maps. 

Rome and Carthage, the Punic Wars, 

By R. BoswoRTH Smith, M.A. With 9 Maps 
and Plans. 



EPOCHS OF MODERN HISTORY. 

Edited by C. Colbeck, M. A. 18 volumes, fcp. 8vo. with Maps, price 2s, 6d. each. 



The Beginning of the Middle Ages, 

By the Very Rev. Richard William Church, 
M.A. &c. Dean of St Paul's. With 3 Maps. 

The Normans in Europe, By Rev. A. 

H. Johnson, M.A. With 3 Maps. 

The Crusades, By the Rev. Sir G. W. 
Cox, Bart. M.A. With a Map. 

The Early Plantagenets, By the 

Right Rev. W. Stubbs, D.D. Bishop of Chester. 
With a Maps. 

Edward the Third, By the Rev. W. 

Warburton, M.A. With 3 Maps and 3 Genea- 
logical Tables. 

Thb Houses of Lancaster and York; 

wiik tfu Conquest and Loss of France, By 
Jambs Gairdnbr. With 5 Maps. 

The Early Tudors, By the Rev. C. E. 

MOIIKRLV, M.A. 

The Era of the Protestant Rbvolu- 

tioH, By F. Sbbbohm. With 4 Maps and la 
Diagnmu. 



By the Rev. M. 
With 5 Maps and 



The Age of Elizabeth. 

Crbighton, M.A. LL.D. 
4 Genealogical Tables. 

The First Two Stuarts and Tkk PuRi- 

tan Revolution^ 1603-1660. By Samubl Rawson 
Gardinbr. With 4 Maps. 

The Fall of the Stuarts ; and Western 

Euro^from 1678 ta x6jo7. By the Rev. Edward 
Halb, M.A. with xz Maps and Plans. 

The Age of Ai^e, By £. E. Morris, 

M.A. With 7 Maps and Plans. 

The Thirty Year^ War, 161S-1648. By 

Samubl Rawson Gardinbr. With a Ma|i. 

The Early Hanoverians, By E. E. 

Morris, M.A. With 9 Maps and Plans. 

Frederick the Great and the Seven 

Yoars'War, By F. W. Longman. With a Maps. 

The War of American Independence, 

X775-X783' By J. M. Ljdlow. With 4 Maps. 

The French Revolution, 1789-J79S. By 
Mrs. S. R. Gardinbr. With 7 Maps. 

The Epoch of Reform^ 1830-1850.' By 
Justin McCarthy, M.P. 



EPOCHS OF CHURCH HISTORY. 

Edited by the Rev. Mandell Creighton. Fcp. 8vo. price 2s, 6d, each. 



The English Church in other Lands, 

By the Rev. H. W. Tuckbr, M.A. 

TkB History of the Reformation jn 

England, By the Rev. Gborgb G. Pbrry, M.A. 

The Church of the Early Fathers, 

By Alfred Plummsr, D.D. 
Thb Evangelical Revival in the 

Eighteenth Century, By the Rev. J. H. Ovbr- 
ton, M.A. 

%* Oth€r Vblumei 



The History of the University of 

Oxford. By the Hon. G. C. Brodrick, D.CI*. 

The Church and the Roman Empire, 

By the Rev. A. Carr. 

The Church and the Puritans, isio- 

1660. By Hbnry Offlby Wakbman, M.A. 

The Church and the Eastern Empire, 

By the Rev. H. F. Tozbr, M.A. 

Hildebrand and His Times, By the 

Rev. W. R. W. Stephbns, M.A. 
are in preparation. 
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